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TABLES 


Ranges of salinity, temperature and pressure in published experimental 
data. 


Brown-Allentoft average experimental salinities minus values obtained 


from our approximation using the same values of Rp (from Table Al, 
Appendix 1). 


Brown-Allentoft average experimental salinity values at 15° C. minus 
values obtained from our equations 5 and 6 using values of Rj>s given 
by Brown-Allentoft. 


International Oceanographic Tables salinity minus values from our 


approximation using values of R',, from the tables (Table A3, Appendix 
feiss 


Reeburgh's experimental salinities minus values from our equations 
using values of C(S,T,0) from Reeburgh's Tables. 


Brown-Allentoft average experimental salinity values minus those 
calculated by Ribe-Howe "shallow" equation using values of Ric from 
Brown-Allentoft (Table A2, Appendix 1). 


International Oceanographic Tables salinities minus values calculated from 
the Ribe-Howe "shallow" equation using values of R',5 from the International 
Tables (Table A4, Appendix 1). 
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Abstract 


A new approximation to the salinity-conductivity relationship 

suitable for use on a small electronic calculator is presented. The equa- 
tions developed represent numerical fits to the experimental data of Brown 
and Allentoft with pressure corrections after Bradshaw and Schleicher. 
For temperatures from freezing to +20° C., salinities from 5°/,, to 40°/,., 
and pressures to 1700 db, the error with respect to the data fitted should 
be less than FOTOLIA de * While intended for use with in situ salinometers 
in the Canadian Arctic, the equations may prove useful for others working 
in cool estuarial waters. The approximation is compared to other recent 
formulations, and estimated error magnitudes are shown for various ranges 
of temperature and salinity. 


Introduction 


Values of temperature and salinity observed by us in waters of 
the Canadian Arctic Archipelago are shown in Figure 1. Salinity can not 
be calculated from in situ measurements of temperature and conductivity _ 
in such waters by using the International Oceanographic Tables for these 
tables are valid only above 10° C. This note discusses a new numerical 
approximation to recently published data, which in effect extends the 
temperature-conductivity-salinity relationships down to freezing tempera- 
tures. 


Several recent reviews of the history and problems of salinity 
determinations are available (Cox 1963, Carritt 1963). Traditionally 
salinity has been empirically related to chlorinity. With recent improve- 
ments in electronics it has become feasible to measure electrical conduc- 
tivity to high accuracy. An early body of experimental data relating con- 
ductivity and temperature to chlorinity and salinity was that of Thomas et 
al (1934). Pollak (1954) noted errors in these data and devised a corrected 
empirical formula connecting chlorinity, conductivity and temperature. 

Weyl (1964) also provided an empirical fit to the data of Thomas et al. 


Reeburgh (1965) measured conductivity versus chlorinity using Red 
Sea water, diluted; his are the only data published extending to temperatures 
colder than 0° C. Cox et al (1967) have recently published a large body of 
data which forms the basis for the new International Oceanographic Tables 
(Unesco 1966). Brown and Allentoft (1966) have recently determined conduc- 
tivity and salinity relationships for sea water diluted with distilled water. 


—— ——— 


va ir a 


er | 
SlerolBo By oir ts 
WS of agit | ae 
een anols y ms 
tine \-D "00+ ot hoe (a 
" nex Pras Taras: ods .db oor col 
‘eu y to} bote ath elite era a 

ero Yen eoudteipo pores eer 
| “07 meok tial sere age ef! .exstew faban 
mono NA owt eS Larengsar LOBES bsiamizes. Sie 
eepeasion brs. om? 


Ae 


= a 
eed ara ‘ =p 
Bbluade Ba ae 


Ineve 1 aedite ot ot 
BOOS es swoheny x 


if 

ey i - Vt 7 n _ 7 
f : % 7 y vr, > 
i a ayy y 


Ro ernie a ey vs teripadto ages bas Silo wwqmes Yo meulaY 
jon aes yainintae it onl ef amauie exe wpm Leg idar a aco ne Lone ’ 
ivi towbabe bos Sxidsnegmes to adaamuceanm usla at woz S beds tue.té io ot 
saat tot aeikeist oteiquiry TSS A) Lames anseoed wad Galey ¢d aradae tet rt 
Lest come won & www ot bP Baton ala? 4 “OL wvewis vine Bi hev ete oe iced 
aid eBnadae Ioet}e at dsidw e2nh bevie tidied ylsuened oa nots mtkworggs 
~siscne? oats east ct meoh eqidann Isler saint ten “ylivisoubney- aut wxm qe: 


Winiine % emetdergq bos yuodeld sd? t0 uwolyer snacney ipisvec ate 
: “ssenciskear? «(Corl $2ices9 (EOI xo) ofdasiavea ete enc idanisetoh ie 
-SvegGm SAeoey do iW V3IAnirTotAaS Go Bbeteulor viiao! vr teit » seed ead yoink ie: : 
“SubnO? Isohidcels etusaan of eldieas® owooe:! sad +) asinoricelts oi actor Jee 
“Aes palvsiea: sink ([asnewixecue & » Pheet yixe A peciea ; bei od yaivia Se 
$4 Ran T ba ‘Ss naw 4 4 eel lene Brea ¥ feeisoldia of esu2e26 tak. Bel hae Y- ivids iD : 3 
hesoesso 9 £ beatin Bee e786 enedd al asot at< well) Asitos (OL) Ts es 
SIVIerages Las YIPVidawoNOo «VIlniucidas enivszenios afy mo) Ieoluk s ; 
» Em vo BS “MT 20 Atak G47 oF 2I% [eoiziama as bebivo: 7 ols (heed) = ae ti 
Dek ptiew ysiciueido euaxey ytivisseinoo bewenen (Zael) Sorudeek a 
secon lege? OF Crihinadns Setaildug kdeh ylne oft exs 2in (hetethb ,tsdew’ os 


oe 


ed epeit « Solatbinve yisaecey evad (T2801) Lo ta xod <5 ans pone 


moe 


am * i 
ae “ws 
e's ‘Wet ol adwae ec “ey Lenard etrs set won oid zc? [se40 eng sno” aiotdw — - 
~twhees aniarrasah Ysa ae evar (ae? £) 2yosnelis Aris Rot . Caaee ovaanty) 7 49 
-retow Gelliczels daiw bagwiih zedge gee tot agittenolte (s+ vYiicliea bas vtivigs 


The effect of pressure on the electrical conductivity of sea 
water has been investigated by Hamon (1958) and Bradshaw and Schleicher 
(1965). Unpublished work by Mays (1968) and Fttle (private communication, 
1970) has confirmed the findings of Bradshaw and Schleicher. 


The above constitutes the published experimental data. The 
range of values of temperature and salinity in each body of experimental 
data is shown in Table 1. To use this data it is necessary to devise a 
suitable functional relationship of the form: 


Se SEN, OLR 15) 


where the conductivity, C, may conveniently be given as a ratio of the 


conductivity, in situ, to that at standard salinity, pressure and temper - 
ature. 


Fquations based on the data of Thomas et al (op. cit.) derived 
by Weyl (op. cit.) and Pollak (op. cit.) do not contain pressure dependence. 
The approximating equations in Cox et al (op. cit.) and the International 
Tables seem intended for use with laboratory salinometers as no pressure 
effects are included and the temperature ranges extend down only to 10° C. 
Brown and Allentoft's data covers a wide range of temperatures and salinity 
values, and they have developed expressions for the average relationship 
between salinity and the ratio of in situ conductivity to that of sea water 
at 35°/,,- Indication of temperature dependence of the relationship is 
given but no pressure effects are included. 


To meet the relatively restricted ranges of temperatures and 
salinities met in the arctic winter Armstrong and Lewis (unpublished) ex- 
trapolated Reeburgh's data to cover a temperature range of -1.9° C, to 
1° C., and salinity range about 29 to 36°/,,. For use in a small elec- 
tronic calculator a simple equation was derived from this data and for 
in situ data a pressure effect correction was added. 


Equations of Ribe and Howe (1967) are based on the International 
Tables, measurements by Brown and Allentoft and pressure effects data of 
Bradshaw and Schleicher. Error analyses performed by Ribe and Howe over 
ranges, on OSC. to 25% Co, 30°77... to 40°7 4 in salinity and..0 to 
7000 db suggest this range of validity for their equations. The tables 
supplied with the Guildline C.T.D. units used by the Group were calculated 
from Ribe and Howe's equation. Our numerical and laboratory analysis led 
to discovery of systematic errors in the Guildline Tables below 0° C. This 
was confirmed by experimental work at National Research Council, Ottawa, 
(Dauphinee, personal communication) as shown in Figure 2. R. A. Lake of 
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our Group fitted the simple polynomial to Dauphinee's results giving a 
correction to the Ribe-Howe equation and Guildline Tables of form: 


AS(°/,,) = 6((-3.6 + 5.07 - 2.45 7) x 1073) 6 Le OP Pe OF CS 
6 = 0 foe! an One 


(1) 


This brief review of the ranges of values available in published 
experimental data and approximations thereto indicates a real need for a 
new approximation for use in the ranges of values encountered in the Arctic. 
The only experimental data covering these ranges are those of Brown and 
Allentoft, Reeburgh, and Dauphinee's work at temperatures below 0° C. For 
checking values in the field, and for much of the calculation in the home 
laboratory a small electronic calculator, the HP9100 is used by the Group. 
To fit this machine a simple approximation to Brown and Allentoft's data 
with Bradshaw and Schleicher pressure effects included was carried out by 
Perkin. Only limited use was made of Reeburgh'’s data as they were not com- 
pletely compatible with the more extensive Brown and Allentoft data. 


Empirical Fit 


The numerical fit to Brown and Allentoft's data was, for conven- 
ience, made in a number of steps. The first step, correction for the 
effect of pressure, was taken from the data of Bradshaw and Schleicher; 
the second step, the formation of the conductivity ratio, from data of 
Brown and Allentoft and Reeburgh; the third the reduction of the ratio to 
its value at 0° C., from data of Brown and Allentoft; and the last step, a 
fit to Brown and Allentoft's values of salinity versus conductivity ratio. 
One can enter at step one, with an in situ measurement of conductance, 
temperature and pressure, or for zero pressure, at step three with a temp- 
erature and conductivity ratio. For temperatures below 1° C., the correction 
contained in equation (1) must be added. 


Bradshaw and Schleicher's data was fitted over ranges 0° Cc. < T< 10°C 
Odb. < p < 1700 db., 31°/,, < S < 35°/,,. While restricted, these values 
adequately represent conditions found in the waters of the Canadian Arctic 
Archipelago. Water depths in the Canadian Archipelago are less than 1,000 
m. As in most estuarial situations, low salinities are associated with shal- 
low depths. The simple equation resulting, for conductivity at atmospheric 
pressure, C(S,T,0), from in situ conductivity, C(S,T,p) was: 


a8: 


( = 
CMa ah ¢ p [49436 + 1567T + 21.3372 + 554.43C(S,T,p) (2) 
b bd 


where the units are p(db), T(°C.), S(°/oo), and C(mmho.cm.~1), 
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To obtain maximum accuracy in the region of our greatest inter- 
est the fit was designed around conductivity at 0° C. Interpolation in 
Reeburgh's data gave C(35,0,0) = 29.03916 mmho.cm.-l. Identifying this 
value as that at 0° C. in Brown and Allentoft's data the conductivity at 
other temperatures was approximated as: 


(3) 


2 
C(35,7,0) = c(35,0,0) |2 * :9297275T + .00015551T" , 
~ .000000789T 


Using equation (3) we can then, from our value of C(S,T,0) obtain a ratio 


es 
29.03916 4 7 + , 
R, = C(S,T,0)/C(35,7,0) = c(s,7,00/| se ccc aes | (4) 


Numerical fits were made to Brown and Allentoft's Table 21 (Ris 
versus average salinity) and Table 23 (deviation of conductivity from 
15° value). Appropriate values of R,«s and corresponding salinities were 
taken from Table 21. These were then used in Table 23 to obtain correspond- 


ing values of Ro in the form: 


3 j Rp + .04 , Rr + cha 
Ry = C(S,0,0)/C(35,0,0) = R,-10 5 (6.0+380 sin 9g. hen aos } 


2 3 


(5) 
x [.0777T-.000454T -.000018T ] 


Values of R, were used with corresponding salinities to form equa- 
tions for salinity. Soviagals for maximum accuracy the equations for Rp and 
for salinity should be used together. 


Any single salinity equation which would satisfactorily fit a range 
of conductivity ratios from 0.1 to 1.2 was too large for the limited capacity 
of our small calculator. Therefore the fit was done in two pieces as follows: 


S(°/o0) = --5933 + 32.4822 Ry + 3.1106 Rae re wae 24 (80-284) 


(0.40 < Rg < 1.20) (6) 


S(°/oo) = -.2166 + 30.686 Ro + 5.247 Ro’ (0.10 < Rg < 0.40) 


With conductivity measuring devices furnishing values of Rr 
rather than values of C, equations (5) and (6) can be used directly. 
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Error Analysis 


Analysis of the fit of equation (2) to Bradshaw and Schleicher's 
Table 1 indicates a maximum difference in salinity of about 0.001°/,,, 
over the ranges of salinity, temperature and depth found in Canadian 
arctic waters. We consider this good enough for our purposes. At the 
edge of the fit at p = 1700 db the difference in salinity from Bradshaw 
and Schleicher's tables was about 0.003°/,,. For other conditions 
Bradshaw and Schleicher's work might be used directly. 


The fit of our equation (3) to Brown and Allentoft's Table 24 
(variation of 35°/,, sea water conductivity with temperature) is such 
that over temperatures from 0° C. to 20° C. the error in the ratio of 
conductivity to conductivity at 15° C. is less than 1 x 107°, The fit 
of our equations to the Brown and Allentoft data from which they were 
made is shown in Table 2. All calculations were made on a Hewlett- 
Packard 9100 desk calculator. On the few occasions when interpolation 
was needed a Gaussian routine supplied with the HP9100 was used. The 
values on the abscissa are the experimental values. The fit over temp- 
eratures from freezing to 20° C. and salinities from 4 to 40°/,, is 
within ska 6 i iay Pon Therefore at or below 20° C. the equations can be used 
for in situ measurements, and also calibration by bench induction salin- 
ometers within errors of this size. In Table 3 the same comparison is 
made in more detail at 15° C. 


In Table 4 are results when our equations are used with values 
of Rp from the International Tables. Agreement is adequate at salinities 
near 35°/,, but there are systematic and rather large differences at 
lower salinities. These differences reflect the experimental methods 
used in each case, as noted by Cox et al (op. cit.). Brown and Allentoft 
diluted sea water with distilled water while Cox diluted with natural sea 
water. This is also shown, for T = 15° C., p = O db. in Figure 3. 


These differences reflect of course a practical problem in that 
all parts of the ocean do not have quite the same ionic composition. As 
procedures in this note are intended for use in the Canadian Arctic we 
intend to use our approximation to Brown and Allentoft's data until more 
information is available on ionic composition of waters in the archipelago. 


In Table 5 our procedures were compared with Reeburgh's data. 
Reeburgh's values of chlorinity were converted to salinity by Knudsen's 
equation. The values reflect the systematic difference in the variation 
of conductivity with salinity between Reeburgh's data and those of Brown 
and Allentoft. Presumably this is due to differences in the sea waters 
used by Brown and Allentoft, and the Red Sea water used by Reeburgh. 
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The tables presently in use with the Guildline instrument are 
based on those equations of Ribe and Howe (op. cit.) appropriate to 
shallow depths. A comparison of Brown and Allentoft's average experi- 
mental values and those calculated from Ribe-Howe's equation is shown 
in Table 6. The range of temperature and salinity values used in form- 
ulating Ribe and Howe's equation is unknown to the authors, but their 
error analyses covered 30°/,, < S < 40°/,,, 0° c. < T < 40° C. In Table 
6 the fit is good over this range but differences increase towards lower 
salinities. At salinities of 30 - 35°/,, and temperatures from 0° C. to 
-2° C. agreement in Table 6 is good. This indicates that our fit and 
Ribe and Howe's fit are extrapolated below 0° C. in the same manner. 
Therefore the low temperature correction in equation (1) will also be 
necessary in our procedure. The Ribe and Howe equations include pressure 
effect corrections. As both their procedures and ours depend on the work 
of Bradshaw and Schleicher they agree well in this regard so comparisons 
are not included in this note. The fit of the Ribe and Howe equation to 
the International Table values, shown in Table 7, is good in the 
range around 35°/,,, but as in Table 6 systematic differences occur 
towards lower salinities. It is unfair, of course, to extrapolate their 
equation to low salinities, and it is done only as a warning against such 
extrapolation. It is understood that Mr. Ribe is working on a version 
valid over a wider range of salinity. At the moment, while excellent for 
most oceanic work, their equations are perhaps not as suitable for the 

wide range of salinities found in estuarial situations. 


In Appendix 1 are given the intermediate results leading to the 
tables quoted above. The values of the conductivities are also included. 
These latter depend on both the absolute value from Reeburgh as well as 
the variations with salinity and temperature from Brown and Allentoft's 
data. The same value of C(35,T,0) as used in the equations should, of 
course, be used to calibrate the user's conductivity instruments. 


Conclusions 


We have developed a simple procedure using equations (2), (4), 

(5), (6), (1) for calculating salinity from measured conductivity, temper- 
ature and pressure. For temperatures below 0° C. the correction in equa- 
tion (1) is necessary. The procedures are valid over a temperature range 
of freezing to +20° C., a salinity range of about 4°/,, to 40°/,,, and down 
to pressures of 1700 db. The absolute error within these ranges is less 
than 0.01°/,, with respect to the averaged data from which the procedures 
were derived. 
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While this is adequate for our purpose a more elaborate fit 
could produce smaller errors. Indeed Table 2, (or Table 4 for the 
International Tables), could be used for further correction. 


It seems a pity that a universal procedure has not yet been 
devised and agreed upon as applicable to all in situ measurements and 
laboratory calculations. The International Oceanographic Tables, which 
have been adopted as standard, should be extended to freezing tempera- 
tures. This might be done without change to the present definition of 
salinity as a function of Rijs. It seems to the authors that, in the 
interim, it might be worth considering adoption of an agreed fit to the 
body of recent experimental data. 
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TABLE 1 


RANGE OF VALUES IN DATA 
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TABLE 3 


Salinity Difference 
R15 | B/A nor eA N B/A-Our Eqns. 
-00 0.0000 -.154 +.154 
05 1.3831 1.344 039 
.10 2.8783 PIES Whe, .003 
aos 4.4359 4.440 -.004 
.20 6.0381 6.040 -.002 
a2 140775 7.675 +.003 
. 30 9.3477 9.344 +,004 
yao 11.0458 11.049 -.003 
40 12.7694 12.768 +.001 
45 14.5165 14.519 -.003 
-50 16.2852 16.289 -.004 
ao 18.0748 18.078 -.003 
-60 19.8846 19.886 -.001 
-65 21.9322 2l.7i3 -.001 
.70 23.5564 23007 -.001 
Aye) 25.4208 25.420 +.001 
-80 27.3027 27.301 +.002 
85 e293 62017. 29.200 +.002 
-90 31.1176 31.116 +.002 
~99 33.0504 33.049 +,001 
1.00 35.0000 34.999 +,001 
1.05 36.9665 36.966 +.000 
1.10 38.9498 38.949 +.001 
1.15 40.9504 40.947 +,003 
1.20 42.9674 42.958 +.009 


Be Brown-Allentoft average experimental salinity values at 15° C. 
minus values obtained from our equations 5 and 6 using values 
of Ris given by Brown-Allentoft. 
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APPENDIX I 


TABLES OF INTERMEDIATE RESULTS 


1. Values of = C(S,T,0)}/C(35,T,0) from Brown-Allentoft Table 23 
using HP9100 Gaussian Interpolation routine for values at ae oe 
2. Values of R,. = C(S,T,0)/C(35,15,0) formed by multiplying values 


in Table Alby factor C(35,T,0)/C(35,15,0) from Brown-Allentoft 
Table 24, 


3. Values of R'h, = C(S,T,0)/C(35,T,0) from Equations in International 
Tables using given values of T,S. 


4. Values of R' uM C(S,T,0)/C(35,15,0) from International Table 


Values of Rp multiplied by factor C(35,T,0)/C(35,15,0) from 
Ribe-Howe (Ro) 


5. Values of C(S,T,0) from Table A 2 using C(35,0,0) = 29.03916 
from Reeburgh's values and C(35,0,0)/C(35,15,0) = 0.67654 from 
Brown-Allentoft Table 24. 


6. Values of S using our equations 5 and 6 on values of R, in Table Al. 


7. Values of S using our equations 5 and 6 on values of R' in Table A 3. 


8. Values of S from Ribe-Howe "Shallow" equation using R from Table A 2. 
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9. Values of S from Ribe-Howe "Shallow" equation on values of R'is from 
Table A 4. 
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sept. (5 .= Dec. 7, 
1967 


Dec. 3, 1967 - Feb. 28, 
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Oct. 27, 1968 - Feb. 26, 
1969 
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May 16 - July 3, 1969 
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1969 

bet, 31 = Dec. +10, 
1969 

Sept. 19, 1969 - Jan. 
tip 1970 
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Oceanographic Observations At 
Ocean Station ''P'' (50°N., 
W. 


Fisherfles Research Board of 
Canada Manuscript Report 


Series No. 1047 


Fisheries Research Board of 


Canada Technical Report 
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FRB Tech. Rept. No. 153 
FRB Tech. Rept. No. 154 
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FRB Tech. Rept. No. 211 
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FISHERIES RESEARCH BOARD MANUSCRIPT REPORT SERIES 


ERRATA 


TO 


Manuscript Report Series No. 1047 
Nansen Bottle and S.T.P. Data Computed Using Incorrect Expression 


For Gravity. Observed Data (Temp., Sal., Oxygen, Depth) Not 
Affected. 


Manuscript Report Series No. 107] 


Page 75: Gravity Subprogram Should Read: 
(XAT *XAT* ((-XAT*1.4189E-7) + 1.9155E-5)) + 9.78030 


olaeeigKd Josimeon) anial betvaned pt | 40.8 bre 912908 peensh 
- (aidgnd KO ‘- tee a petty beyieed® —— Sot 


:baoA biuode seivectied yilve7d +e\ epet 
Qgosy.e + tcevmparect + {X~De8Ee. E#TAK=)} *TAX#TAX) ie 


= 


FISHERIES RESEARCH BOARD TECHNICAL REPORT SERIES 
ERRATA 


TO 


Technical Report No. 143 


Page 30: Last Press and Depth Should Read: 965-960 
Nansen Bottle and S.T.P. Data Computed Using Incorrect 


Expression For Gravity. Observed Data (Temp., Sal., Oxygen, 
Depth) Not Affected. 


Technical Report No. 145 


Page 25: Time Should Read: GMT 15.2 
Page 105: Date Should Read: 15/6/68 
Page 107: Date Should Read: 15/6/68 


Nansen Bottle and S.T.P. Data Computed Using Incorrect Expression 
For Gravity. Observed Data (Temp., Sal., Oxygen, Depth) Not 
Af fected. 


Technical Report No. 152 


Page 18: Gravity Statement Should Read: 
GRAV = (YLAT*YLAT* ((-YLAT*1.4189E-7) + 1.9155E-5)) + 9.78030 


Technical Report No. 154 


Page 84: Position Should Read: 50-6.0 N. 
144-58.0 W. 

Page 92: Position Should Read: 50-2.8 N. 
145-7.7 W. 

Page 119: Date Should Read: 16/6/69 

Page 129: Latitude Should Read: 49-56.5 N. 

Page 220: Longitude Should Read: 144-50.0 W. 


Technical Report No. 184 


Page 17: Date Should Read: 8/7/69 
Page 79: Longitude Should Read: 146-06.0 W. 
Page 181: Time Should Read: GMT 05.1 


Technical Report No. 211 
Page 31: Time Should Read: GMT O1.7 


Technical Report No. 194 


Page 2: Survey Should Read: P-69-8 
Page 14: Date Should Read: 29/11/69 
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In order to assist in library cataloguing it has been decided to assign 


volume numbers to this data series. 


to the previous data are as follows: 


Survey Dates 


Aug. 21 - Dec. 19, 1956 


Jan. 1, 1957 - Jan. 24, 
1958 


Sati 223 = Jury’) 1, 1958 


July 9, 1958 - Jan. 24, 
1959 


Jan. 21 - Nov. 24, 1959 


Dec. 9, 1959 - Jan. 19, 
196] 


Jan.. 15 =“Senty: 17, 
1961 


Sept. 12, 1961 - Jan. 
21, 1962 


Janz t7-@ Ag. 5) 1962 


Aug. 1, 1962 - Jan. 18, 
1963 


Oceanographic Atlas, 


1956 - 1963 


Title and Data Record Listing 


Data Record Ocean Weather Station 
"'Papa!' (Latitude 50°00'N., Long- 
itude 145°00'W.) 


Fisheries Research Board of 
Canada Data Record 1956 


Fisheries Research Board of 
Canada Oceanographic & 
Limnological Manuscript 
Report Series No. 14 


Data Record Ocean Weather Station 
"p't (Latitude 50°00'N., Long- 
itude 145°00'W.) 


FRB 0 & L No. 31 
FRB O& L No. 44 


FRB 0 & L No. 59 
FRB O & L No. 98 


Oceanographic Data Record Ocean 
Weather Station ''P!! 


FRB O & L No. 106 
FRB 0 & L No. 125 


FRB 0 & L No. 139 
FRB 0 & L No. 154 


FRB 0 & L No. 187 


The volume numbers to be assigned 


Volume 


Survey Dates 


Jans tS Apri? 0; 
1963 


April 10 - June 28, 
1963 


June 25 - Sept. 13, 
1963 


sepc.. |i ~ Nov.- 297, 
1963 


Dec. 4, 1963 - Feb. 24, 
1964 


Feb. 22 - April 2, 1964 
May 16 - Aug. 12, 1964 
Aug. 7 - Oct. 31, 1964 


Oct. 31, 1964 - Jan. 
26, 1965 


Jan. 23 - April 19, 
1965 


April 17 - July 1, 
1965 


UA Yu2 i=" SCBty 22,5 
1965 


Sept. sl7 - Dec. 15, 
1965 


Decs bls 1965. Mars 9, 
1966 


Mar. 3 - June 2, 1966 
May 27 - Aug. 10, 1966 
Aug. 5 - Oct. 31, 1966 


Oct. 28, 1966 - Jan. 
9, 1967 


saMewhO. CADE E ll2, 
1967 


Apr. 7 - July 6, 1967 


Title and Data Record Listing 


Data Record Series Ocean Weather 
Station ''P'' North Pacific Ocean 


Canadian Oceanographic Data 
Centre 1963 Data Series 


No. 2 


CODC 


CODC 


CODC 


COoDC 


CODC 
CODC 
CODC 
CODC 


CoDCc 


COoDC 


CODC 


CODC 


CODC 


CODC 
CODC 
CODC 
CODC 


CODC 


CODC 


1963 
1963 
1964 
1964 


1964 
1965 
1965 
1965 


1966 
1966 
1966 
1966 
1966 


1966 
1967 
1967 
1967 


1968 


1968 


No. 


No. 


No. 


No. 


3 


6 


—t 


Volume 


INTRODUCTION 


Canadian operation of Ocean Weather Station P (latitude 50°00'N, 
longitude 145°00'W) was inaugurated in December, 1950. The station is 
manned by two vessels operated by the Marine Services Branch of the 
Department of Transport. They are the CCGS VANCOUVER and the CCGS QUADRA. 
Each ship remains on station for a period of six weeks, and is then re- 
lieved by the alternative ship, thus maintaining a continuous watch. The 
chief purpose of the station is to operate as a meteorological station for 
surface and upper-air observations and as an air-sea rescue station. 


Bathythermograph observations have been made at Station P since 
July, 1952. A program of more extensive oceanographic observations was 
commenced in August, 1956. This was further extended in April, 1959 by the 
addition of a series of oceanographic stations along the route to and from 
Station P and Swiftsure Bank. The number of stations on this line has been 
increased twice and now consists of twelve stations (Fig. 1). Data observed 
prior to 1968 has been indexed by Collins et al, (1969). 


The present record includes hydrographic data and salinity- 
temperature-pressure data collected from the QUADRA during the period 
January 9 to February 26, 1970 and salinity-temperature-pressure data col- 
lected from the VANCOUVER during the period February 20 to April 9, 1970 and 
from the QUADRA during the period April 3 to May 21, 1970. Mechanical 
bathythermograph traces obtained on these cruises are available on IBM micro- 
fiche cards and will be available in digitized format on magnetic tape in 
the near future. 


All physical data has been archived by the Canadian Oceanographic 
Data Centre (CODC), 615 Booth Street, Ottawa, Ontario. Requests for these 
data should be directed to CODC. 


Program of observations from CCGS QUADRA, January 9 - February 26, 


1970 
(CODC Ref. No. 02-70-001) | 


Oceanographic observations were made by Mr. C. de Jong and Mr. 
R. Bellegay of the Department of Fisheries and Forestry, Marine Sciences 
Branch. | 


En route to Station P, stations 3 through 12 were occupied. A 
Bissett-Berman 9006 STD with a digital data logger system was used to obtain 
continuous temperature and salinity records from the surface to (approximately) 
1500 meters. Each STD station was accompanied by a mechanical BI cast to 275 
meters. BT casts were also made at odd meridians at 40', e.g. 129°40'W, 
131°40'W, etc. 


aes 


On Station P profiles of salinity, temperature and oxygen were 
obtained as follows: 


1) Weekly Nansen bottle casts to near bottom. 


11) STP casts to 1500 meters immediately after 
each Nansen bottle cast. 


111) 300 meter STD casts twice weekly. 


1V) The STD was lowered through the halocline 
every 10 minutes for one 24 hour period. 


V) Mechanical BT casts were made 8 times daily 
and a bucket salinity sample was taken daily 
at 0000 hours GMT. 


On two occasions an AMF Acoustic Release System was tested at 
4200 meters. 


Vertical zooplankton hauls from 150 m depth were made daily on 
station, and from 1200 meters twice during the patrol. Horizontal zoo- 
plankton tows were made at the beginning, middle and end of the patrol. 

Ocean productivity measurements of photosynthesis rate (Cyq4 method) and 

plant pigment concentration were made at frequent ihteevals during the sur- 
vey. Biological and productivity data are published in the manuscript report 
series of the Fisheries Research Board of Canada and all requests for data 
should be addressed to Fisheries Research Board of Canada, The Biological 
Station, Nanaimo, B.C., Canada. 


Duplicate air samples for carbon dioxide analysis were collected 
weekly on station. Water samples (from the seawater loop) were collected 
three times for oceanic surface 14C analysis. 


Six separate 15 gallon samples of seawater were collected at depths 
of 50, 100, 150, 200, 300 and 500 meters for the oceanic 14C studies of Dr. 
Fairhall of the University of Washington, Seattle, Washington, U.S.A. 


Bird observations were made three times daily and a marine mammal 
log was kept. The bird observations were sent to Dr. M. Myres of the 
University of Calgary, Calgary, Alberta, Canada and the marine mammal log 
was forwarded to Mr. I. McAskie at the Fisheries Research Board of Canada's 
Biological Station, Nanaimo, B.C., Canada. 


En route from Station P, stations 5 through 1 were occupied. Each 
station consisted of a STD cast, a mechanical BT cast and the collection of 
a surface salinity and nitrate sample. 


i 


Program of observations from CCGS VANCOUVER, February 20 - April 9, 1970 
(P=70-2) (CODC Ref. No. 02-70-002) 

Observations on this patrol were made by Capt. Linggard and his 
officers of the Marine Services Branch, Department of Transport. 


En route to Station P mechanical BT observations were made at 
125°30'W, 126°00'W, 126°40'W and at each meridan at 40' thereafter e.g. 
127°40'W, 128°40'W etc. 


At Station P profiles of salinity and temperature were obtained 
as follows: 


1) STP casts to 300 meters were made 2 or 3 times 
a week and to 1500 meters once a week using a 
Bissett-Berman Model 9040 STD. 


11) Mechanical BT casts were made 8 times daily and 
a bucket salinity sample was taken at 0000 hrs. 
GMT daily. 


Vertical zooplankton hauls from 150 meters were made daily and 
one haul from 4200 meters was made during the patrol. Frequent 10 minute 
surface zooplankton tows were made and surface nitrate samples were col- 
lected every second day. 


Duplicate air samples were collected weekly on station for carbon 
dioxide analysis. Bird observations were made 3 times daily, and a marine 
mammal log was kept. No observations were made en route from Station P. 


Program of observations from CCGS QUADRA, April 3 - May 21, 1970 (P-70-3) (02-70-003 


- Oceanographic observations on this patrol were made by Capt. Dykes 
and his officers of the Marine Sciences Branch, Department of Transport. 


At Station P profiles of temperature and salinity were obtained as 
follows: 


1) STP casts to 300 meters were made 2 or 3 times 
a week and to 1500 meters once a week using a 
Bissett-Berman Model 9006 STD. 


11) Mechanical BI casts were made 8 times daily and 
a bucket salinity sample was taken at 0000 hrs. 
GMT daily. 


Vertical zooplankton hauls from 150 meters were made daily, weather 
permitting. Frequent 10 minute surface zooplankton tows were made and sur- 
face nitrate samples were taken every second day. Three rainwater samples 
were collected and air samples in duplicate were collected weekly for carbon 


yD 


dioxide analysis. Bird and marine mammal observations were made on this 
patrol. No observations were made en route from Station P. 


The production of this technical report was supervised by Mr. 
D.A. Healey, Oceanographer of the Marine Sciences Branch, Department of 
Fisheries and Forestry. 


Data was processed by Mr. D.A. Healey and Mr. D. Smith, and 
assembled and edited for publication by Mr. K. Abbott-Smith. 


Observational procedures 


Temperatures at depth were measured by deep-sea reversing 
thermometers of German (Richter and Wiese) or Japanese (Yoshino Keiki Co.) 
manufacture. Two protected thermometers were used on all Nansen bottles, 
and one unprotected thermometer was used on each bottle at depths of 300m 
or greater. The accuracy of protected reversing thermometers is believed 
to be 2e0e026- 


Surface water temperatures were measured from a bucket sample 
using a deck thermometer of + 0.1C accuracy. 


Salinity determinations were made at sea on cruise P-70-1, and 
ashore after cruises P-70-2 and P-70-3 using a Bissett-Berman Laboratory 
Salinometer Model 6220. Accuracy using duplicate determinations is esti- 
mated to be * 0.003 ppt. 


Depth determinations were made using the "depth difference" 
method described in the U.S.N. Hydrographic Office Publication No. 607 
(1955). Depth estimates have an approximate accuracy of £ 5 m for depths 
less than 1000 m, and t 0.5% of depth for depths greater than 1000 m. 


The dissolved oxygen analyses were done in the shipboard 
laboratory by a modified Winkler method (Carpenter, 1965). 


Salinity-temperature-pressure data were obtained with a Bissett- 
Berman Model 9006 STD on cruises P-70-1 and P-70-3, and a Bissett-Berman 
Model 9040 STD on cruise P-/0-2. 


Computations 


All hydrographic data were processed with the aid of an IBM 360 
computer. Reversing thermometer temperature corrections, thermometric depth 
calculations, and accepted depth from the "depth difference" method were 
computed. An IBM Plotter was used to plot temperature-salinity and temp- 
erature-oxygen diagrams, as well.as plots of temperature, salinity and 
Aas es oxygen vs l0gj9 depth. These plots were used to check the data 

or errors. 


age 


Missing hydrographic data were obtained using a weighted 
parabolas interpolation method (Reiniger and Ross, 1968). These data 
are indicated with an asterisk in this data record. 


Analog records from the salinity-temperature-pressure 


instrument have been hand digitized, then replotted using the IBM 1627 


Plotter. 


Digitization was continued until original and computer plotted 
traces were coincident. 


Temperature and salinity values were listed at 


standard pressures; integrals ( depth, geopotential anomaly, and potential 
energy anomaly) were computed from the entire array of digitized data. 


STD salinity data have been adjusted to make them compatible 


with hydrographic cast salinity data. 


For the period January 9 - 


February 26, a salinity correction linear with depth was applied. The 


correction was -.06 ppt at 0m and increased to -.11 ppt at 1500 m. 
2 compares STD and hydrographic cast salinity data. 


Figure 
During the period 


February 20 - April 9, a linear (with depth) correction of -.03 ppt at Om 


and increasing to -.06 ppt at 1500 m was applied. 
May 21, two corrections were applied to salinity data. 


For the period April 3 - 
For depths of 


0 - 300 m, the linear correction was +.0] ppt at 0m, increasing to -.05 ppt 


at 300 m. 


For 300 - 1500 m the linear correction was -.05 ppt at 300 m, in- 


creasing to -.06 ppt at 1500 m. 


The headings for the data listings are explained as follows: 


PRESS is pressure (decibars) 

TEMP is temperature (degrees Celsius) 

SAL is salinity (parts per thousand) 

DEPTH is reported in meters 

SIGMA-T is specific gravity anomaly 

SVA is specific volume anomaly 

THETA is potential temperature (degrees Celsius) 

SVA (THETA) is potential specific volume anomaly 

DELTA D is geopotential anomaly (J/kg) 

POT EN is potential energy in units of 108 ergs/cm@ 

GXY is the concentration of dissolved oxygen expressed 
in milliliters per liter 

V-B PERIOD is ala 


the Vaisala-Brunt period in minutes 


Summary of hydrographic data 


The data are graphically summarized as follows: composite 
plot of temperature vs logjo depth (fig. 3), composite plot of salinity 
Vs logjo depth (fig. 4), and composite plot of dissolved oxygen vs 10gjo 
depth Pig. 5) for hydrographic cast data from cruise P-/0-1. 
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List of Figures 


Chart showing Line P station positions. 


Profiles of the salinity difference between data obtained 
with a Bissett-Berman model 9006 STD and from salinity 
samples from Nansen bottles. 


Composite plot of temperature vs. 1094 depth, P-70-1. 
Composite plot of salinity vs. 10949 depth, P-70-1. 
Composite plot of dissolved oxygen vs. 10949 depth, P-70-1. 
T-S plot of surface temperature and salinity observations 
on Line P (asterisks) and at Station P (pluses) during 
Cruise P-70-1. 

T-S plot of surface temperature and salinity observations 
on Line P (asterisks) and at Station P (pluses) during 
Cruise P-70-2. 

T-S plot of surface temperature and salinity observations 


on Line P (asterisks) and at Station P (pluses) during 
Cruise P-70-3. 
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Profiles of the salinity difference between data obtained 
with a Bissett-Berman model 9006 STD and from salinity 
samples from Nansen bottles. Profiles were obtained on 
the following days: 21 January (triangles), 7 February 
(squares) and 10 February (circles). 
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COMPOSITE PLOTS OF TEMPERATURE, SALINITY 
AND DISSOLVED OXYGEN VS. DEPTH 
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Fig. 3 
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Composite plot of temperature vs. logy depth, P-70-1. 
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Composite plot of salinity vs. 10949 depth, P-70-1. 
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Fig. 5 Composite plot of dissolved oxygen vs. 1091, depth, P-70-1. 
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PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE-WNowr ROE I DATE 10/ 1/770 

PUSITION 48-42.0N, 126-40.0W GMT 5.7 

RESULTS OFMS te? CAST 133 POINTS TAKEN FROM ANALOG TRACE 


rR J TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 

fe) 223 Capes 0 Sow 2IFel 0.00 0.00 
10 G25 3231 10 SOK 29k 0.39 0.02 
20 ie 52, 32.31 20 Bier DITA Onn 0.06 
3 9.25 32.232 30 E07? 29 Tel 0.89 0.14 
50 9.25 Srerse 50 AIOe SAT one 1.49 0. 38 
15 7249 32671 75 25,ot? «624326 2.16 0.81 
100 TH59 33216 9 ZIMIARQ CVT oD FPL ES Liens 
ae 7.92 SOD 124 26 ZBMN, Mild 3.21 1.86 
150 ibe ws f S319 149 2641 LLGES ed 36% 2246 
Bi 7.41, 33-88 174% 265150) WiS'6 ont 4.04 Sea les 
290 Te2T ee le i 199 266535 DSI 03 4243 3.86 
ae 72.03 Ge Ae. Za 2666 VATel 4.30 4.67 
250 6.75 33.95 248 ZOD PeSel Dron lel 5256 
300 632 337899 298 2600S LSS v5 5287 7.51 
400 5262 34.02 397 26S » MAG sO Tel? Lali. 
500 4.89 34.06 496 Zoe REG KS 8.38 17.68 
600 4246 34.15 595 20808 VPOG«8 9248 23.85 
800 4.04 34.26 193 Va ee Pe 9/300) Lie4d 37.88 


1000 759 34.38 991 27.235 SON lsals 53 3 


SOUND 


1484. 
1484. 
1464. 
1485. 
1485. 
1479. 
1481. 
1483. 
1482. 
1482. 
1482. 
1481. 
1481. 
1480. 
1479. 
1477. 
1477. 
1479. 
1481. 
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PACIFIC OCEANOGRAPHIC GROUP 

REPERENGCE“NOs. TO=—1= .2 Dae FOF os ty 

POSITION 48-47.0N, 127-40.0W GMT 9.5 

RESUUTS OF* STP CAST 121 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 

0 9.10 32428 0 24.96 300.4 0.00 9.00 
10 9.10 32.23 10 24.96 . 300.9 0.30 0.02 
20 9e1l 3282s 20 24095 301.1 0.260 0.06 
30 9-11 32-23 30 poe SOL sS 0.90 0.14 
50 9.08 32.23 50 2496. 301.43 VEDE 0.38 
75 7215 S2e13 75 2IewoOy 2ST 35 2-16 0.80 
100 7.07 33.01 99 25486 N\215'.6 2.73 1.30 
kes 7-08 33.43 124 26-19 185.0 3622 1.87 
150 7201 33-66 149 26638 6/.6 3-66 2248 
175 6484 33.79 174 26%51 15567 4.06 3615 
200 6.59 33.8% 199 26-58 i49.1 4244 3.87 
225 6.22 33.89 223 26-67 141.0 4.81 4.66 
250 6210 33492 248 ZOerl 137.5 5216 S831 
300 5254 33.96 298 26-81 128.3 5-82 7236 
400 5-02 34.202 397 Ph oe oe aaa > SS | 7205 11.74 
500 4252 34.08 496 Z2teOk 11068 8.20 17.01 
600 4.37 34.18 595 2fell 10185 9.26 22-95 
800 3-86 34.32 19 27.228 S669 Leer 36424 
1000 3.40 34.41 he 27.40 T6459." Baers 51.07 


1200 3203 34.47 1188 27.48 69.3 14.20 67.223 
1500 2.50 34.53 1484 Zi ON 60-4 16.213 93.74 


SOUND 


1484. 
1484. 
1484. 
1484. 
1484. 
1478. 
1478. 
1479. 
1480. 
1480. 
1479. 
1478. 
1478. 
1477. 
1476. 
1476. 
1477. 
1478. 
1480. 
1482. 
1484. 
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PACIFIC OCEANOGRAPHIC GROUP 

VErPERENCEY NOe. 70e*1= 3 DATES LOS RL Z40 

POSITION 48-51.0N, 128-40.0W GMT 1302 

RESULTS.OF STP CAST 131 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. SOUND 
1 D EN 

) 8.35 32~02 0 252-14 282.9 0.00 0.00 1481. 
10 8.35 32.232 10 25014 283.4% 0.28 0.01 1481. 
2U 8.35 32-32 20 2564ne 28344 0.57 0.06 1481. 
30 8.35 32.231 30 25214 284.0 0.85 0-13 1481. 
50 8.35 32431 50 25213 284.6 1.42 0.36 1482. 
{5 6.94% a2ed3 75 25-66 234.7 2-09 OedSF (14a 
100 6.92 33.08 99 25294 208.3 2265 1.28 1478. 
Li25 7229 33.57 124 2627 177.6 3-13 1-84 14890. 
150 16.45 33276 149 20044 62.5 3256 2-43 1480. 
1W5 6.96 33.86 174 26% 54 152.3 3499 3.07 1480. 
200 6.63 33.89 199 26.61 145.9 4.32 3478) 14679% 
220 6.35 33.91 22 26.67 141.1 4.67 4.56 1479. 
250 6.01 33402 248 2042? 13664 5-02 5239 1478. 
300 5249 33.95 298 26-81 12844 5-68 7224 1477. 
400 4.80 34.01 397 26.94 116.7 6.90 L119) (14756 
500 4.75 34.13 496 27.04 108.1 8.02 16.73 1477. 
600 4.49 34.20 595 2Zfel2 L012 9.06 22-56 1478. 
800 3293 34.33 793 27.28 86.9 10.93 35.80 1479. 


1000 343 34-41 991 PAs BAR 5) 76.9 12256 50-71 1480. 
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PACIFIC OCEANOGRAPHIC GROUP 

RErERONCE Pits YTO=- 1-° 4 DATE 1LO0A.1 70 

POSITION 49= 0.ONy, 130-40.0W GMT 20.5 

ReoUll > OR *STP CAST 149 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH =<SIGMA SVA DELTA POT. 
T ) EN 

) 8.33 32.47 0 25 2Ge Tr eh 0.00 0.00 
10 8.32 32.46 10 25 020m 2izee see ars 0.01 
20 8.32 32-46 20 25°92 6 VEIT? 24 0.54 0.06 
30 8.32 32246 30 25.26" 220% 0.82 Ocaz 
50 8.31 32.47 50 25526" 27203 1.36 0.35 
75 8.29 32.48 75 Doce! Gee (eG Za04 Caa8 
100 6.62 32.92 99 25 56. "(216.4 2-66 1.33 
125 6.80 33.42 124 2Oe22 "Lois 3.216 1.90 
150 OTT 33-68 149 26643 162.6 3.58 2.49 
175 6.54 33.81 174 26.56 150.5 3.98 3214 
200 6620 33.84 199 26263 * 14441 4.34 3.83 
225 5.98 33.86 223 26.67 * Y40.2 4.69 4.61 
250 5.54 33.88 248 26.74 133.7 5.03 5.42 
300 5.07 33.89 298 26601 *128..6 5.69 Copl 
400 4.31 33.97 397 26-96 114.4 6.89 Fi 3 
500 4.15 34.08 496 21.06 ~ "105.4 7.99 16.56 
600 3.81 34.15 595 Dlel> 97.6 9.00 Z2a25 
800 3.57 34.29 793 27.29 85. 7h uae 35.19 
1000 3.18 34.39 991 20.80 75.040" 12.46 50.14 


1200 2.74 34.46 1188 27.50 66.6 13.89 66422 


1500 2.36 34.52 148% 27.58 O99 Paved o J1levl 


SOUND 


1481. 
1481. 
1481. 
1481. 
1482. 
1482. 
1476. 
1478. 
1479. 
1479. 
1478. 
1477. 
1476. 
1475. 
1473. 
1474. 
1475. 
1477. 
1479. 
1480. 
1484. 
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PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE NOs 7O- 1- 5 OATE L1l¥ tAd0 

PUSITIUN 49= 9.0Ny 132-40.0W GMIs Sat 

RESULTS OF STP CAST 108 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
8) 7239 32-43 6°. 25036, 2Ol»6 020 0.00 
10 15:39 32.43 10 252365 26261 0.226 0.01 
20 7239 32-43 20 ZDie 30» SED eis 4 By ke eae 0.05 
30 139 32.43 30 25236 262.26 Ot 0.12 
50 32 32.242 50 2510 36, “2G 1. 31 0.33 
75 7.35 32.43 75 251031, 26204 1.97 0.75 
100 6.00 32-296 a9 2509.6, 2OOww 2256 1.27 
125 5-85 3B 231 124 26.23, 181.2 3.03 1.82 
150 5-62 33.67 149 262.57 14962 344% 2.39 
es, 5-48 33277 174 26.66 140.26 3.380 2-98 
200 522 33.81 199 26.213, | Ydsiee 4.14 3.6% 
225 5.05 33.81 228 26.15, 3265 4.48 4.36 
259 477 33.385 248 260 Gls Hats 0 4.80 5214 
300 4.248 33290 298 26.488 120.6 5242 6.87 
400 4.10 33% 94 395 26.98 112.2 6.58 11.00 
500 3.88 34.08 496 Z2leO0B LU2s5 7266 15.96 
600 3.70 34.16 595 27.17 Sue 2 8.65 21.52 
800 S036 -34032 193 2te 33 81.0 119.40 33.97 
1000 3202 34.40 990 27442 1Z09. Vile 7% 48.00 


1290 2.79 34.45 1188 27-49 6667 13633 63455 
1500 Zi, Duh 34.51 1484 27.57 60.2 15-21 89.46 


SOUND 


1477. 
1477. 
1478. 
1478. 
1478. 
1478. 
1474. 
1474. 
1474. 
1474. 
1474. 
1473. 
1473. 
1472. 
1472. 
1473. 
1474. 
1476. 
1478. 
1480. 
1484. 
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PACIFIC QCEANOGRAPHIC GROUP 


REFERENCE NO. 70- 1- 
PUSITIUN 49-18.0N, 
RESULTS OF STP CAST 
PRESS TEMP SAL 
O 7635 32.44 
10, 7337 32842 
205° Te 337 3248 
30, a3) Beraes 
50 7033-32444 
15s Stef 32046 
100; 7% 2a6f 32.5) 
125, 6e13f 33.21 
150 5.83 33.50 
175 5.62 33.70 
200 5.31 33.78 
225 5.14 33.81 
250 4.91 33.82 
300 4.38 33.89 
400 4.06 33.99 
500 3483 34.07 
600 3468 34.16 
800 3641 34.29 
1000 3.10 34.39 
1200, | 2279) 34544 
1500 2434 34.52 
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119 POINTS TAKEN FROM ANALOG TRACE 


6 CAE! Lvs L/h 

DEPTH SIGMA SVA 
i 

0 Zp Br.2 60% 3 
10 2p 34 (gods 0 
20 25230 SH 4 
30 25-38 260.8 
50 23% 30, “Zoi 1 
75 Zoe 10? 2ons 5S 
99 25% 45) 255.05 
124 2b las 189.5 
149 26641 164.4% 
174 2639) Thi 2 
199 26.70 137.6 
Poa be 26-74 134.1 
248 26-77 130.6 
298 26.88 120.4% 
391 2NS 006’ 12043 
496 24600, 1O2e3 
595 27.17 93 62 
195 27.30 84.3 
990 27.41 74.7 
1188 27.48 68.3 
1484 27.56 5922 


DELTA 
D 
0.00 
0.26 
0.52 
0.78 
1.30 
1.96 
2-61 
3-16 
Beer, 
3298 
4.33 
4.67 
5.00 
Sie 63 
6.78 
7284 
8.83 
10.69 
Lie 
13.60 
15.50 


POT. 
EN 
0.00 
0.01 
0.05 
0212 
0.33 
0.75 
Lie 30 
1.96 
2-56 
3-20 
3.88 
4.61 
5-41 
7216 

11.26 

16.11 

21.65 

34-26 

48.67 

64.66 

90.6% 


SOUND 


L47 kt 
1477. 
1477. 
1477. 
1478. 
1478. 
1478. 
1475. 
1475. 
1475. 
1474. 
1474. 
1473. 
1472. 
1472. 
1473. 
1474. 
1476. 
1479. 
1481. 
1484. 


UB 


Sy dAd 


asia 


Bimiassean oie 


CO 
CS 
CS 


PVs rcs Oren) Cary st means 


49-26.0N 136-40.0W 


PO Sia lee ete lel GM eye) 


G ez. 
ie Memes nie (aulmec 9 1. 


~37 - 


PACIFIC OCEANOGRAPHIC GROUP 

RETERENGG Woe Vos l= DATE 21/4 3770 

POSITION 49=-26.90N, 136-40.0W GMT 17.0 

RESULTS Ge STP CAST 111 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA PUT. 
T D EN 

0 6.97 32446 0 25444 253.9 0.00 0.00 
10 6.97 32245 10 25644. 25561 0.25 0.01 
20 6.97 32.45 20 254644 255.2 0.51 0.05 
30 6.97 32245 20 25644 25523 O77 0.12 
50 6.97 32645 50 254644 255.26 1.28 0.33 
> 6292 32-49 tf) 25047 252e% Sy Jak 0.73 
100 Dees S285 99 Zoos? occ e 1 Leon Lle2t 
ea, 4.87 33.03 124 26615 TOge6 3203 1.85 
150 5-02 33.45 149. -26547 Uo6.6 3246 2045 
avo 4.89 33.63 174 26662 144.2 3.84 3208 
2900 4.61 33.76 199 26000) ioe? 4.18 3673 
225 4.48 33.80 223 26-80 127-4 4.50 4243 
250 4.24% 33.83 248 26-85 122.6 4.81 5218 
300 4.10 33.91 298 266935 Tilo. 5-41 6.85 
400 3.79 34.02 o97 27205° »L05%\4 6.51 10.78 
500 3-66 34-12 496 27.14 CNRS) ewe 15-41 
690 ae yf 34.20 595 2leet 91.1 8-46 20.67 
800 3224 34.33 793 £inoo 79.3 10.16 32272 
1000 2-94 34.40 990 27.43 fizet . Uie6 7 46.51 


1200 2-67 34.45 1188 27.50 6646 13.405 61.99 
1500 2-32 34.52 1484 27.58 59.1 14.92 87.71 


SOUND 


1476. 
1476. 
1476. 
1476. 
1476. 
1477. 
1471. 
1470. 
1471. 
1472. 
1471. 
1471. 
1470. 
1471. 
1471. 
1472. 
1474. 
1476. 
1478. 
1480. 
1484. 


UB 


Ete oor Ores 


RicdC A 


300 


bet, 
re) 
= 


~28- 


A Led ANel TT, A/a 
S ois 34 


heh. wNO. F020“ 2) = 96 


Y9-34H.0N 138-40.0W 


MO.e- £1,.V0A%= 111 SGM T- 123 55 


G lee 
TEVA UTE,, fC 


=39- 


PACIFIC OCEANOGRAPHIC GROUP 
REFERENCE NOw 70- 1- 8 


DATE. 11 /iiL FO 


PUSITION 49-34.0N, 138-40.0W GMT 23.5 


RESULTS OEGSAP: CAST 67 POINTS TAKEN FROM ANALOG TRACE 

PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 

if D EN 
0 7203 32-51 0 25548 °§251.40 0.00 0.00 
10 6.99 32.50 FO. Peoeet guoles 0.25 0.01 
20 6.99 32.50 20 25G4! MeSlat 0.50 0.05 
30 6.98 32.250 30 254647 8251.8 0.75 0-12 
50 6.98 32.50 50 25%47 225250 1.26 0.32 
49 6.97 32.50 $5 254648 252.2 1.89 0.72 
100 5.78 32.69 99 25e71 £22349 251 1.28 
125 5-08 33.06 124 26-15 188.7 3202 1.85 
150 D022 33.37 149 26238 167.0 3246 2047 
¥<t5 532 33.69 174 26.62 144.3 3285 3012 
200 5219 33.76 199 26-69 138.3 4.20 3279 
225 4.93 33.78 223 26014 TESSSE 4.54 4.52 
250 4.66 33.78 248 26-77 131.0 4.87 5.33 
300 4.16 33.84 298 26-87 121.8 5-50 7.09 
400 3.78 33.94 397 26099 tPLTioo 6.66 11.20 
500 3.70 34.05 496 27.08 102.9 hots 16.10 
600 3.61 34.15 39:5 ZU ET 95.3 8.72 21.65 
800 3-32 34.30 793 27.32 81.9 10.51 34.37 
1000 3-00 34.39 990 27242 7325 12.06 48.56 
1200 22.74% 34.45 1188 27.49 67.4% 13.46 64.224 
1500 2.37 34.52 1484 27.58 S9et WS S35 90.14 


SOUND 


T4165 
1476. 
1476. 
1476. 
1476. 
1477. 
1473. 
1'44 le 
L472. 
1473. 
1473. 
1473.6 
1472. 
1471. 
1471. 
1472. 
1474. 
1476. 
1478. 
1480. 
1484. 


Stig 


UB 


« 0:0 


rhe SSUNE 
CO 
© 
@ 


-4o- 


Se Tel Ts. abe a 
c D3 34 


Se 
REF. NO Fs ok = 9 
Y9-H2.0N 140-40.0W 
MO c= he UA ba sb (Gao 


G li 
ited Miia Tan 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCESNOw. 704 ™l- 
POSITION 49-42.0N, 
RESULES OF SS TRYCAST 
PRESS TEMP SAL 
¢) 62/2 SZe25 
10 6.72 32-56 
20 6.72 726.96 
30 60702 32.56 
59 6.72 32-56 
5 6.72 32-256 
10¢ 6.72 32.56 
125 4.12 33-21 
150 4.82 3Feb5 
175 4.98 33274 
200 4.67 33.78 
225 441 33.80 
250 4.17 33.82 
300 3-296 33.89 
400 Bell 34.01 
590 3899 34.12 
690 3-48 34.20 
800 3.219 34.31 
1000 2-90 34.40 
1200 2265 34.44 
1500 2-31 34.52 


-h\- 


57 POINTS TAKEN FROM ANALOG TRACE 


9 DATE 12/ 1/70 
140-40.0W GMT 6.5 
DEPTH SIGMA SVA 
T 
0 25.56 243.3 
10% 25556 24337 
20% 25956 24378 
30 25.56 244.0 
50 25.56 244.2 
75 25.56 244.5 
99 25.56 244.8 
124 26.30 173.6 
149 26.63 143.0 
174% 25108 13.780 
199 26.76 130.8 
223. 26.81 126.6 
248 26.85 122.8 
298 26.93 116.0 
397 «27.u5 105.0 
496% 277144 9657 
595 27.23 89.7 
1992 273245 2800 
990% 275434 T1127 
11688 27/490 6608 
1484 27.58 58.9 


DELTA 
D 
0.00 
0.24 
0.49 
Oss 
1.22 
Leos 
2244 
2-96 
3235 
3.70 
4.03 
4.35 
4.67 
5226 
6.36 
Te3t 
8. 30 
9¢99 
11.50 
12.89 
14.75 


POT. 
EN 
0.0G 
0.01 
0.05 
0.11 
0.31 
0.70 
1.25 
1.83 
2-38 
2296 
3.60 
4229 
5.05 
6.72 

10.63 

15.24% 

20.43 

32248 

46.28 

61.82 

87642 


SOUND 


1475. 
1475. 
1475.6 
1475. 
1476.6 
1476. 
1476. 
1470. 
1471. 
1472. 
1471. 
1471. 
1470. 
1470. 
1471. 
1472. 
1473. 
1476. 
1478. 
1480. 
1484. 


6-368 


UB 


500 


-49- 


SALINITY, 0/00 
cE TGS aenotes! 


Bee NO Will eai gle a0 
U9-SO.ON 142-39.0h 


MO.- dy Phv— de: GMT - 2520 


G Me 
TEMPERSTURE, ¢ 


fp} ft 


-43- 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NG. Y7Os/.1-. 10 DAME D2 Zaire 7C 
POSITION 49-50.0N,5 142-39.0W GH  1o a0 
RESURIS OF 31P CAST 42 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
y) 6225 32.258 ) 25263" "SSG. I 0.00 0-00 
10 6.24 32.57 10 25e63 Z3iel 0.24% 0.01 
20 6224 32.57 20 25403 g2otec 0047 0.05 
30 6.24 / 3265T 30 Od e05.) feo see Je71 0.11 
50 6.24 Pages| ag Zoses. Y2a4en 1.19 0.30 
io 6223 32-69 75 25069 23d0d 1.78 0.68 
100 5.08 32-76 oh) Cos 7k. eu 2235 1.19 
PZ) 4.25 334610 124 20021 - VESvo 2.83 1.74 
1590 4.226 33007 149 26-65 14144 geée 268 
ap de 4.08 3a f4 174 26015 Teen 260 2284 
200 3.95 220 10 199 26053" T24e8 3-87 3244 
229 3605 S369 Zz 26-86 121.3 4.18 4.11 
eau 3.75 33.84 248 26091 Ties 4.48 4.83 
3090 3-73 33-91 298 26031. Siz wy 5-05 6044 
400 3.65 34.02 Bot 20.06 1hscs 6.13 10.27 
500 3-56 34.13 496 27.16 95.5 7-13 14-82 
600 3244 34.22 295 21224 88.3 8.05 19.95 
800 cry & 34.32 193 Zhao 19.23 4 SL e8l 
1000 2.38 34.40 990 27.44% Ubs'G 7% Tibecee 45.50 


P2900 2-62 34.45 1188 27.50 66.0 | 12.57 60.84 


1590 2.31 34.251 1484 27.57 5926 § 14.245 86.51 


SOUND 


1473. 
1473. 
1473.6 
1473. 
1474. 
1474. 
1470. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 
1471. 
1472. 
1473. 
1476. 
1478.. 
1480. 
1484. 


UB 


PEO SURE, 


LeUU 


-~hh- 


Stic Nel TS a7 eS 
3 33 34 


Sa 
Ror. INO. 7O.= 2 ha 
SO-0.0N 145-0.0W 
M0..- i, AY- nS CHT-~ 1%. i 
Lb 


om lie 
EMIAIERIA WWIRIE, 1 


-ko - 


PACIFIC OCEANOGRAPHIC GROUP 
REFERENCE WO. 7O= 1=~ Jel 


DARE LL 3/3 1/70 


POSITION: 50= O.ON, 145= 0290W GMT 18.2 


Re SULTS are oP CAST 45 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
ij D EN 

0 ete i 32.61 ) 29010 come 0.00 0.00 

10 5-93 32.60 10 Cec) ee 0.23 0.01 
20 5.93 32.60 20 rae teh Sy me “= yb AS 046 0.05 
30 a 32.60 30 25009 Zotat 0.69 O11 
50 5.93 32.69 50 Mee oe MMs ae ie Uf 1.16 0.29 
ibe, 5.93 32.60 75 22.09 Zola L.74% 0.66 
100 52206 oe eRe | Cie 22063 Zid 2% a1 1.18 
ye 3.99 le bbe F4 124 26.47 157.4 Bad ie 1.70 
i50 3.98 33.61 149 26% 1 > 13550 3.13 2-20 
bd oe) 3.89 33.68 174 Zon Tt  Bieysp 3-46 2276 
200 BY. Be 33.74 Lao 26.82 124.9 3.78 3.36 
Zoo = hy’ be) 33.80 he, 26.88 119.28 4.09 4.02 
250 3.69 33.85 248 ZOso7 ane 4.38 4.14 
300 3.66 33.93 298 20677 “LOSeS 4.94 6.31 
400 a6 02 34.08 397 ote ld 99.0 eye be) 10.01 
500 3-47 34.17 496 27.29 ee ake 6.94 14.36 
600 3.35 34.23 be fe, 27.226 86.5 eo 19.34 
890 3.07 34.33 ibe peo} Zils ® i hep 9246 30.93 
1000 Len 34.41 990 27.45 69.8 19.93 44.42 


1209 2256 34.246 1188 2 Ueo 4 


6426 


12.28 


59-43 


SOUND 


Ey bea 
1472% 
472% 
14723 
V472% 
1473-6 
1470. 
1467. 
1467. 
1467. 
1468. 
1468. 
1468. 
1469. 
17.04 
1472. 
1473. 
1475. 
1477 
1480. 


UB 


ay Hae 


ifthe Lael Fs ay ore 
S 32 34 


OS 
Aer. aNO. 40 - 1d - 18 
S90-0.0N 145-0.0W 
MO.- 3, BAaT- 3H GMI- ees 


G pe 
1EMPERATURE, € 


-47- 


PACIFIC OCEANOGRAPHIC GROUP 


RCRERENCE NU, (70 1r- i YS DATE 14/ 1/70 
POSITION 50- O.ON, 145- 0.9W GMT 22.5 
RESUS .OFiOST Pe OAS T 41 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 5.88 32.61 0 25610 K2oR05 0.00 0.00 
10 5656 32-60 10 25669 “2300! 0.23 0-01 
20 5-88 32260 20 25669 (“23068 0.46 0.05 
30 5-88 32.60 30 25269 <23050 0.69 O-1l 
50 5.88 32.60 50 25609 231.1 kekS 0.29 
tae) 5.88 32.60 75 25-69 231-4 1.73 0-66 
100 4.47 32-83 99 26.04 198.9 2.30 1.16 
L295 3298 33-28 124 26-44% 160-6 274 ao? 
150 3799 33.61 149 26500 PSG 08 3-11 2-18 
| Boe) 3.87 33.70 174 26679 *P2heo 3244 2.73 
200 3-76 33.77 ¥I9 26685 122.2 3.75 3033 
225 3672 33.81 223 260589 “EVO 4.05 3.98 
250 3.69 33.85 248 26992 + bPSCS 4.35 4.69 
300 3266 33.93 298 26599 EBVOLO 4.91 6.28 
400 3260 34.06 397 27.190 100.2% 5.96 10.00 
500 3-49 34-15 496 27.18 9302 6093 14.43 
600 3.37 34.22 599 2#eZs 87.5 7.83 19.48 
8C0 3.210 34.33 193 27.236 That 9248 31.214 
1000 2.80 34.40 990 27.4% V9 86 | 10096 44.176 


1200 2256 34.46 1188 27.51 64.6 12.31 59-82 


1590 2027 34.52 1483 27.59 58.4% 14.13 84.84 


SOUND 


1471. 
1472. 
1472. 
1472. 
1472. 
1473. 
1468. 
1466. 
1467. 
1467. 
1467. 
1468. 
1468. 
1469. 
1470. 
1472. 
1473. 
1475. 
1477. 
1480. 
1483. 


UB 


Pit OO Ur is 
co 
= 
= 


Leud 


LS0U 


U 


-hi- 


SAL.INI Ts 0480 
2 Oho nade or owe he 


Bieth. INO. 70 = 4) =" aS 
90-0.0N 145-0.0W 
MO. a, IDAT~ 24 GMT ea.%5 
ine 


G Ih 
EMRE TURE, 


-49- 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCES Ne (0=. b=. 15 DATE: 217) S479 
POSITION 50- 0.ON, 145- 0.0W GMT 21.5 
RESUL. DS: OF STPsCAST 43 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 521% 32.63 0 Zr etl3, 22004 0.00 0.00 
10 5274 32-62 10 25% 734 22155 0.23 0.01 
20 5-74 32263 20 25273 226.9. 0445 0.05 
30 5.73 32-63 30 25274 226.9 0.68 0.10 
50 5.68 32.64 50 254.75) 22568 1.13 0.29 
15 5-66 32.65 Le) 25-76 225.1 1.70 0.65 
100 5.65 32.266 99 25677 224.5 2226 le 15 
Le» 4.01 33.25 124 26242 162.8 2274 1.70 
150 4.00 33.54 149 26.64% 141.25 3-12 223 
ivsS 3-93 33.67 174 26-76 131-1 3246 2a 17 
200 3.77 33.74 199 26-83 124.1 3.78 3-40 
222 3-72 33.79 220 26.88 120.0 4.08 4.06 
250 3.70 33.84 248 26.91 116.7 4.38 4.77 
300 3.66 33.92 298 26.98 110.7 4.95 6.37 
400 3.63 34.05 397 27.09 10144 6-01 10.13 
500 3.50 34.15 496 27.218 93-4 6.98 14.57 
600 3234 34.23 595 27226 86.5 7.88 19.60 
800 3.07 34.32 7193 27.36 7T8e2 9 e22 31.28 
1000. 2-80 34.40 990 27244 70.6 11.01 44.90 


1200 2257 34.45 1188 27250 65-5 12.37 60.09 


SOUND 


1471. 
1471. 
1471. 
1471. 
1471. 
1472. 
1472. 
1467. 
1467. 
1468. 
1467. 
1468. 
1468. 
1469. 
1471. 
1472. 
1473. 
1475. 
1477. 
1480. 


UB 


300 


~600 


~ S0- 


SURLL LENALE TE esas 
3 one 34 


RE. NOR» 70R = 1h — 16 


90-0.0N 145-0.0W 


4On 


lee UR ccl OMT 1e7h.G 


G le 
LEMP ERIM, € 


«Gis 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NU. YO) 1-16 DATE B27 2R/10 
POSITION 50- O-.ON, 145- 0.O0W GMT Via 
RESULTS OF STP CAST 29 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 5.69 32-65 0 25076 224% 0.00 0.00 
10 5.69 32.64 10 2a ety ) 2eow eo 022 0.01 
20 5.69 32-26% 20 25 1S: § 22550 0.45 0.05 
30 5-66 32.266 30 2ST W228 oD 0.68 0.10 
50 5.66 32.66 50 25 Cee 1.12 0.29 
i> 5266 32.66 fe: 25-77 224.3 1.68 0.6% 
100 5.05 32.78 99 25 e930" 20S 2224 1.14 
125 4.07 33.230 124 26:45 LoGaG 2-69 eo? 
150 4.09 33.60 149 26.69 137.3 3.05 2-16 
Lio 3.91 Ce ad as 8 174 26:hS? VAISS 3-38 2270 
200 2e7T9 33.78 Log 26.85 121.8 3.69 3-30 
Leo 307% 33.83 223 eOenl lite 3.99 3.95 
250 3-72 33.86 248 26.93 114.9 4.28 4.65 


SOUND 


1471. 
1471. 
1471. 
1471. 
1471. 
1472. 
1470. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 


UB 


300 


Sp. 
SS 
(=) 


-52- 


Sublbed Nel Die gr eCby/ sie) 
3 3 34 


REF, "NO. Fo. ty) RS: 
S0-0.0N 145-0.0N 


MO.- 1, DAY- 25 GMT- 17.7 


G Na 
EM PETS IRE Ie 


PACIFIC OCEANOGRAPHIC GROUP 
REFERENCE NO. 
POSITION 50- 


RESULTS OF STP CAST 


PRESS TEMP 


0 S67 
10 5.68 
20 5.69 
30 5-70 
50 5.70 
75 5.61 

100 4.07 
125 4.06 
150 3.98 
in he" 3-84 
200 3276 
222 3.73 
250 3.69 


53 - 


DELTA 
D 
0.00 
0.23 
0.45 
0.68 
1.13 
1.69 
2.19 
2258 
2092 
3223 
325% 
3-83 
4.12 


fl) the Gane ary DATE 25/ 1/70 
O.ON, 145- 0.0W GMT Lied? 
32 POINTS TAKEN FROM ANALOG 
SAL DEPTH SIGMA SVA 
T 
32-64% 0 250 0b.. 2249.9 
32.63 10 25014 §$22661 
32.6% 20 25615 7225.6 
p2665 30 256195 eee 1 
32.65 50 290.45 122oeo 
32.67 ie 25018 ~Z223R2 
33.09 99 26% 29. eave 1 
33.53 124 26.63 142.7 
33.70 149 2004 ( PLi2955 
33.76 174 26.83 123.7 
33.81 199 26.88 119.2 
33.84 223 26-91 116.28 
33.89 248 26599 (11269 


TRACE 


POT. 
EN 
0.00 
0.01 
0.05 
0.10 
Q.29 
0.65 
1.09 
eo 
2.01 
2.53 
36 ll 
Cy ee) 
4044 


SOUND 


1471. 
1471. 
1471. 
1471. 
GTZ « 
1472. 
1466. 
1467. 
1467. 
1467. 
1468. 
1468. 
1468. 


UB 


CR OLe 


CO 
i) 
KJ 


PPE oe 


LeOU 


-54- 


Selle bN LT iy-« 6) AG 
o 335 34 


REF. NO. 7O°- 2 - 46 
SO-O0.ON 145-0.0W 


MO..— i. AWA eP IGhi— 138.78 


G Me 
EMP ERRIWIRE,, i 


~552 


PACIFIC OCEANOGRAPHIC GROUP 

RePERENCEM-NG<. 70—~1- 18 DATE’ 247: / “EFCC 

POSITION 50- O0-.ONy 145- 0.OW GMT 18.0 

RESULTS OF STP CAST 24 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 

T D EN 
8) 5254 32.68 0 25-80 22024 0.00 0.00 
10 5254 32.67 10 25219 22he5 0.22 0.01 
20 5254 32-67 20 250679 221-6 0.44% 0.05 
30 5-254 32.67 30 23h?  "2aies 0.66 0-10 
50 5254 32-67 50 2501 22240 1.11 0.28 
tie 5254 32-67 Ue amet vemeee 1.66 0.64% 
109 5.27 32-74 99 252368 21069 2022 leis 
iZs Die Pe 33.29 124 26.45 159.8 2.67 1.65 
150 4.03 33252 149 26-63 143.0 3-05 2.18 
175 3.97 33.67 174 2661S TOteo 3.39 Zot 
200 3.84 33.75 199 26.83 124.5 Set 362 
225 3.76 33.80 223 26-87 120.3 4.02 4.02 
250 3273 33.83 248 26091 — Lites 4.32 4.174 
300 3-69 33.93 298 2698 Dives 4.89 6233 


SOUND 


1470. 
1470. 
1470. 
1471. 
1471. 
1471. 
1471. 
1467. 
1467. 
1468. 
1468. 
1468. 
1468. 
1469. 


30U 


UB 


SONG 


CO 
cs) 
Gy) 


PARED SE 


L2e0U 


S56- 


Se ly [Pe ees 
3 er 34 


Rates ONO. Jhbeta= le en 2 


30 O.0.N0-LUS- 0. On 


Mie =: bo DAG. SO GHL- ls30 


G re 
TEMPER PURE, 


-57- 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 70- 1- 20 DATE 30/ 1/70 
POSITION 50- O.ON, 145- 0.0W GMT 18.9 
RESULTS OF STP CAST 37 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 5.54 32.66 0 25.78. 2219 0.00 0.00 
10 5.54 32.65 10 25.77 22500 Ovze 0.801 
20 5.54 32265 20 2o01t SeRei 0.45 0.05 
30 5.54 32.65 30 25017 223%3 0.67 0.10 
50 5254 32.65 50 25077 223ap M212 0.28 
75 5.45 32.68 75 25.81 220.6 Lc67 0.64 
100 5.41 32.69 99 25682 209.5 geez 1213 
izs 4.02 33.36 124 26-650 154.9 2.68 1.65 
150 4.05 33.56 149 26266 140.4 3.04 2416 
V7s 3.93 33.68 174 26.77 130.0 3.38 2en2 
200 3.82 33.77 199 26.84 122.8 3.70 3.32 
225 3.74% 33.82 223 26.89 126.5 4.00 3.97 
250 3.70 33.86 248 26.93 115.2 4.29 4.68 
300 3.65 33.95 298 27.00 108.4 4.85 6.25 
400 3.60 34.09 397 ra ge 4 98.1 5.88 9.91 
500 3.50 34.16 496 27.19 926 6.84 14.27 
600 3.35 34.24 595 27226 85.8 7.%3 19.25 
800 3.06 34.34 793 27.3% 76.6 9.34 30.74 
1006 2-80 34.41 990 272645 69.9 10.80 44.08 


1200 2256 34.46 1188 27.51 64.6 12.15 59.11 
1500 2228 34.52 1483 27.58 5626 | 13098 84.26 


SOUND 


1470. 
1470. 
1470. 
1471. 
1471. 
1471. 
1471. 
1467. 
1468. 
1468. 
1468. 
1468. 
14668. 
1469. 
1470. 
1472. 
1473. 
1475. 
1477. 
1480. 
1484. 


-58- 


Seige hee Ravens paula 
3 SS 34 


AOke NOS 20h Sled 


90-0.0N 145-0.0W 


Oe = 25 DAT 5S GUT— 6e0 
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ee Nemeiae cles 4c 
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- 59- 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENGE NO. V7O-)\l— 21 OAFE °S/ 42/710 
POSITION 50- O-.ONy, 145- 0.0W GMT 18.0 
RESULTS ‘OF DSTP CAST 37 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
O 5.40 32.63 6) 2D IT; “226 0.00 0.00 
10 5-40 32.63 10 erHett eae 0.22 0.01 
20 5-40 32-63 20 CR ET  -2aRel 0.45 0.05 
30 5-40 32.63 30 orell rea yee 0.67 0.10 
50 5-41 32-63 50 25077 223-5 1.12 0.28 
fee. 5-41 32.63 75 2oett tees 1.67 0.6% 
100 4.96 32.80 99 25596 “2061 Tage 1.13 
lie-5 3299 32316 38 124 COeoe MSR 2265 1.61 
150 4.03 33-61 149 26.70 135.9 3.01 2012 
iD 3292 33.71 174 cots: JE2OGS 3234 2.66 
200 3-80 33.79 199 26586 W216) 3.65 3226 
225 3.73 33.83 223 26.90 117.26 a a) 3.90 
250 3.70 33.87 248 26-94 11464 424 4.60 
300 3.67 Bred 298 27.900 108.5 4.79 6.16 
400 3-61 34.08 397 27.11 99.0 5283 9.84 
500 3248 34.16 496 Fad iS or) 92.4 6.79 14.21 
600 3234 34.24 595 27.27 85.7 7.68 Le 9 
800 3.09 34.33 193 27.36 Tted 9.31 30.77 
1000 2.83 34.41 990 27.45 10%2 | TO.TSE 44.25 
1200 2.59 34247 1188 27252 G42 Prlectlet 59.17 
1500 Qed 34.53 1483 27.59 5760 13292 84.03 


SOUND 


1470. 
1470. 
1470. 
1470. 
1470. 
1471. 
1470. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 
1471. 
1472. 
1473. 
1475. 
1477. 
1480. 
1483. 


G Ne 
FEMPERARTURE, - ¢ 
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SALINITY, 0/00 
SD veut emi B 3U 


REF. NOe 70 = 1 = 23 


S0-0.0N 145-0.0W 


MO.- 2, DAY- 7 GMT- 23.0 


bir 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCES NG, 1OA/L-— 23) DATE 7/ 2/70 
POSITION 50- O0.ONy 145- 0.0W GMT 23.0 
RESULTS OF STP CAST 38 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T 9) EN 
0) 5-43 32.265 0 254,19) "22 e 5 0.00 0.00 
10 5-40 32.64% 10 oi, 18s 22zae 0222 0.01 
20 5-40 32-64 20 250,08; 222i 0-44 0.05 
30 5-40 32-26% 30 25 UO 2264 0.67 0.10 
50 5-39 32264 50 25-78 222.5 1.11 0.28 
75 5.39 32-26% ip 250.08) 2eees 1.67 0.64 
100 4.82 32.86 99 26-02 20062 2022 1.13 
ba 4.12 33.43 124 26-55 150.7 2254 1.61 
15G 4.07 33.61 149 26,269 1369 3-00 2e1ll 
175 3-98 33%, 110 174 26.77 129.4% 3ie33 2-66 
200 3.85 3136, 16 199 26.83 124.0 30,65 3.26 
225 327% 33.81 223 26.89 119.0 316. 9 3292 
a iO) 3270 33-86 248 26.293, -ErSet 42% 4.62 
300 3.67 33.93 298 26299 110.0 4.80 6-20 
400 3262 34.06 397 27-10 100.6 5-86 9.93 
500 3.50 34.15 496 27.18 93.4 6.83 14.36 
600 3.35 3422 595 27.25 87.3 Tete 19.41 
800 3.07 34.32 193 27.36 78.1 9.38 31.11 
1000 2.83 34.40 990 272.44 71.0 10.87 44.175 


12006 2257 34.46 1188 27-51 64-8 12.22 59.9% 
1500 2.28 34.52 1483 27.58 58.6 14.08 85.47 


SOUND 


1470. 
1470. 
1470. 
1470. 
1470. 
1471. 
1469. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 
1471. 
1472. 
1473.6 
1475. 
1477. 
1480. 
1484. 
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Salad Ned | ees 
3 oes 34 


Roe INO lie=) Sues wel 
90-0.0N 145-0.0N 


MO oe OOM i=l Geet) 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 70- 1- 24 DATE 3/ 2/70 
POSITION 50- O-.ONys 145=- 0.0W GMT 18.0 
RESULTS OF STP CAST 28 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 5.37 32-65 0 2Ded 9S ~220;,.8 0.00 0.00 
10 5.237 32264 10 25-79 221.9 0.22 0.01 
20 5237 32264 20 255799 22200 044 0.05 
30 5037 32.64 30 250495 222ed 0.67 0.10 
50 5-37 32-64% 50 2ped DA 222513 1ell 0.28 
75 5.37 32-64% 75 25%198 22eeo 1.67 0.64 
100 5.20 32270 99 25285 21662 2222 1.13 
125 4.02 33234 124 26.649 15661 2.68 1.66 
150 4.03 33259 149 26.68 13727 3.04% 2216 
175 3.93 33.71 174 26679 128-22 338 2e7l 
200 3.80 33.78 199 26-85 121.9 3-69 3231 
225 3.72 33-83 223 26-91 117.21 3.99 395 
250 3.70 33.89 248 26.95 112.9 4.27 4.65 


SOUND 


1469. 
1470. 
1470. 
1470. 
1470. 
1471. 
1470. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 


Sal 
U 


040 


UB 


~600 


CO 
= 
= 


PAE SO URE 


ie 


ihe bee! TOT TP 7A 
3 B83 34 


5 Bes 
J lee) 
REP. NO. Fo = h = 36 
- 50-0.0N 145-0.0h 
MO.- 2, DAY- 10 GMT- 23.5 


G ie 
1 Mar itera Nae 5 we 
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PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE NO. 70- 1- 26 DATE 10/ 2/70 

POSITION 50- 0.ON, 145- 0.0W GMT 23.5 

RESULTS OF-STe CAST 40 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 

8) 5240 32-64% 0 25678 “22h.9 0.00 0.00 
10 5.490 32.6% 10 25-78 222.4 0.22 0.01 
20 5240 32264 20 25018 222i 0.44 0.05 
30 5239 32.63 30 25018. Leena 0.67 0.10 
50 5.37 32.63 50 25-78 223.0 1e1ll 0.28 
75 5.37 32.64 15 25-78 222.8 1.67 0.6% 
100 5215 32.69 ao 25085 21626 2022 Lie 43 
Lz 4.05 33223 124 26240 164.9 2.70 1.67 
150 4.05 33-52 149 26663 143.2 3.08 2220 
175 3.95 33.467 174 26.75 131.5 3242 2077 
200 3-82 33.76 199 26-84 123.3 3a73 3.37 
co 3.73 33.81 eee 26-89 118.7 4.04 4.03 
250 3.69 33.85 248 262.92 116.0 4.33 414 
30G 3-67 33.93 298 26.99 110.0 4.89 6.32 
400 3.61 34.05 397 27.69 100.7 5094 10.04% 
500 3.50 34.14 496 27.17 94.1 6.92 14.49 
600 3.235 34.22 595 27225 87.3 71.82 19.56 
800 3-08 34.32 193 2ts39 182% 9-48 31.33 
1000 2.79 34241 990 20645 69.8 10.96 44.88 


1209 2.58 34-46 1188 27.51 64.8 12.30 59.90 
1500 2.27 34.52 1483 27.58 5865 14.215 85.28 


SOUND 


1470. 
1470. 
1470. 
1470. 
1470. 
1471. 
1470. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 
1470. 
1472. 
1473. 
1475. 
1477. 
1480. 
1483. 


UB 


ie © Oe ay 
CO 
C) 
(= 


hau 


=6@e 


SolesLied NADL TPT es =2Cb7 0h 6 
3 ox) 34 


REEFS. NOD. 709-~1)-~ 27 


90-0.0N 145-0.0W 


MO.- 2, DAY- 12 GMT- 17.5 


| G Nz 
TEMA ERG, @ 
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PACIFIC OCEANOGRAPHIC GROUP 
RECORENGE GND. *U0= ll= 227 | DATE D2, 2/10 
RESULTS OF STP CAST 29 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 

T : D EN 
0 5240 32-65 0 2569 “Whe bel 0.00 0.00 
10 5-40 32.65 10 met? scald 0.22 0.01 
20 5-40 32264 20 ZoxetD . eae 044 0.05 
30 5240 32.6% 30 250018 22203 0.67 0.10 
50 5.37 32.65 BO. 725089 f2Zigo 1.11 0.28 
75 5-35 3265 75 25-80 221-5 1.66 0.64% 
100 5,625 32.68 99 Se8S | ies 2.21 1.13 
125 4.13 33.16 124 26.33 170.8 2072 1.70 
150 4.09 33,.99 149 26-68 13844 3-09 2.22 
175 3-96 33.73 174 26.80 127.1 3242 2.77 
200 3-83 33.79 199 26-86 121.6% 3.73 3-36 
225 3.75 33.83 223 26.90 117.6 4.03 4.00 
250 3.70 33.87 248 26694 114.3 4.32 4.71 
390 3.67 33.95 298 27.00 108.5 4.87 6.26 


SOUND 


1470. 
1470. 
1470. 
1470. 
1470. 
1471. 
1471. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 


UB 


300 


FGH0N6 


Sit NE] 
2 


Po, ne AyeAfQ 
a aa 


REF seNO Sew 0.-) 12-9289 


90-0.0N 145-0.0W 


yl 


e+ QDR -4d66G6MI-1 2342 


G lez 
TFAREBATTLURE, ¢C 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 70- 1- 29 DATE 16/ 2/70 
POSITION 50- 0.0Ny 145- 0.0W GMT 23.2 
RESULTS OF STP CAST 40 POINTS TAKEN 
PRESS TEMP SAL DEPTH SIGMA SVA 
T 
G 5632 32.68 P25 «82 ALA 0 
10 5.32 32.67 1@ 0-25.81; 21961 
20 5632 32467 26 25.60 21942 
30 5631. 32667 30 25.862 21942 
50 5.630 32467 50 25.82 219.3 
75 5.28 32.67 75 = =25.82 219.3 
100 5.21 32.69 99 25.84 217.3 
125 4.623 33611 124 26.28 175.9 
150 4.15 33.54 149 26.63 142.6 
175 4.04 33.68 74 «=. 26475 «132.6 
200 3.90 33.76 199 26.83 124.3 
225 3679 33-81 223 26.88 119.6 
250 3.74 33.85 246) 26.92 116.3 
300 «367 .* 33.92 298 26.98 110-8 
400 3.62 34.04 Sot @2ete08 102.) 
500 3.49 34.15 496 27.18 93.43 
600 3637 34.22 S95 1121.25 BisS 
800 3.07 34.32 Toe Gnet.s6 (18.4 
1000 2.81 34.40 990 27644 7067 
1200. 2555 34246 1188 .27.51 64.5 


-69- 


DELTA 
D 
0.00 
0.22 
0.44 
0.66 
1.10 
1.64 
219 
2.70 
3.99 
3243 
3.75 
4.06 
4.35 
4292 
5-98 
6.296 
7.86 
9451 
11.00 
12.34 


FROM ANALOG TRACE 


POT. 
EN 
0.00 
0.01 
0.04 
0.10 
0.28 
0.63 
1.12 
1.70 
2025 
2-81 
3242 
4.08 
4.19 
6.38 

10.15 

14.61 

19.66 

31.37 

45.00 

60.02 


SOUND 


1469. 
1469. 
1470. 
1470. 
1470. 
1470. 
1470. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 
1470. 
1472. 
1473. 
1475. 
1477. 
1480. 


UB 


TN SPORE 


SW Us: 


6 UU 


CO 
a ' 
e) 
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Seales! Bhat EEF Bay. 6) 
3 33 34 


REF. NO. 70 - 1 - 30 
S0-0.0N 145-0.0W 


MO.- 2, DAY- 20 GMT= 18.5 


G LZ 
LEMPERAIURE, i 


LG 


PACIFIC OCEANOGRAPHIC GROUP 
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18 POINTS TAKEN FROM ANALOG TRACE 


REFERENCE NO. 70- 1- 30 DATE 20/ 2/70 
POSITION 50- 0.0Ny 145- 0.0W GMT 18.5 
RESULTS OF STP CAST 
PRESS TEMP SAL DEPTH SIGMA SVA 
T 
6 (5.24 32.66 O—-25583 21% yh 
10 5.24 32.68 $0 «6-25.83. 217.5 
20 5.24 32.68 ao - 25.83 ali 
30 5.24 32.68 30 25.83 218.0 
$0 5.25; 32.67 50 25.83 218.4 
75 5.25 32.67 Ts «425.82 218.9 
100 5.21 32.69 99 25.84 217.23 
125 4.16 33.36 124 26.49 156.3 
150 4.13 33.63 149 26.7 135.5 
175 3.98 33.71 17% 26. 79\. 128.2 
200 3.84 33.80 199 26.87 120.7 
225. 3.96 33.84 223 26.90 17.8 
250 3.72 33.87 248 26.94 114.5 
300 3.67 33.94 298 27.00 109.3 


DELTA 
D 
0.00 
0.22 
0.44 
0.65 
1.09 
1.64 
2.18 
2-66 
3.03 
3.35 
3.67 
3.96 
4.25 
4.81 


SOUND 


1469. 
1469. 
1469. 
1469. 
1470. 
1470. 
1470. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 


0,0) 
al cd 
ad 
eens 
Li | 
felee 
=? 
ee) 
Hi wus REF? NOt70 = 1 = 34 
(ia 
O_ U8-S1.0N 128-40.0N 
LeQ0 MO:- 2% DRY 28 GHI- Bee 
LS o 


G "2 16 
TEMPERATURE, © 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE IND, 7O0—"i- 31 DATE 24/ 2/70 
POSITION 48-51-0N,y 128-40.0W GMT 22.7 
RESUUTS (OF/>S TP CAST 72 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
' D EN 
8) 8.97 32.05 O 24.8% 311.9 0.00 0.00 
10 8.96 32-05 10 24.83 312.5 0.31 0.02 
20 8.95 32.04 20 24083 (SU2E9 0.63 0.06 
30 Be 84 32.07 30 24.87 309.3 0.94 0.14 
50 8.68 32.23 50 25202 29544 1.54 0.39 
15 8.62 32259 75 25-31 268.1 2225 0.84% 
100 7294 33.03 oF fran i226 2-87 1.39 
WZ lee 33239 124 26-04 199.3 3-40 2-00 
150 7291 33.65 149 26:25 LOD 3.87 2-66 
175 T7274 33.76 174 2636 \ 101 4.31 3.38 
200 7250 33.85 199 86-2646 5.16007 4.172 4.17 
fifa) 1224 33.89 224 26.53 154.8 5-12 5-03 
2o0 6294 33.91 248 20699 —-T69%4l 5.50 5295 
3900 6240 33.93 298 26.68 141.2% 6022 7298 
400 5226 33.98 397 26-86 124.7 153 12.6% 
500 4.79 34.05 496 20096 “Plo? 8.73 18.13 
600 4.36 34.17 595 Set TORT 9.82 24.19 
800 3292 34.29 793 27225 89.8 11.73 37.75 
1000 3.53 34.37 991 27.35 81.0 13.43 53.37 


1200 3.04 34.43 1188 27245 T2003 14.96 702.45 
1500 2047 34.49 1484 27.595 62.9 16.95 97.69 


SOUND 


1483. 
1483. 
1483. 
1483. 
1483. 
1483. 
1482. 
1483. 
1483. 
1483. 
1483. 
1482. 
1481. 
1480. 
1477. 
1477. 
1477. 
1479. 
1480. 
1482. 
1484. 


300 


UB 


500 


CO 
C4 
>» 


BupLazonene cei 


-7h- 


SAL INST Vasbases: O26 
S J 34 


REFS NO. 76 = 1 32 


U8-4Y7.0N 127-40.0W 


MO.- 2, UAT- co GMI- 2. 


G he 
as VieimraNe Wiig IC 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 70- 1- 32 OATE 2575 2/0 
POSITION 48-47.0N, 127-40.0W GMT 2.7 
RESULTS OF STP CAST 86 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA  SVA DELTA POT. 
T D EN 
0 8.63 32.27 0 25.06 290.6 0.00 0.00 
10 8.56 32226 10 25606) 25rd 0.29 0.01 
20 8.55 Saeat 20 25-07 29024 0258 0.06 
30 8.51 32.27 30 252908 289.6 0.87 0.13 
50 822 32.36 50 2 Sl.) 7 2 Tie 1.44 0.36 
? tee T7275 32093 Fie. 252.70 230.6 2209 O77 
100 7.89 33.44 99 26.09 194.7 2-61 1.24 
125 Te72 33.60 124 26.24 180.8 3.08 1.78 
150 Lane i) 33.75 149 26238 167.9 Seonr2 2239 
1&5 7.33 33.83 174 26647 15924 Bice fe: Creen A 
200 7209 33.88 199 26.54 152.8 4.32 3-81 
225 62179 33.91 223 26-61 146.7 4.69 4.63 
250 6.47 33.92 248 26266 14262 5.06 5.50 
300 5295 33.96 298 260-176 13364 5214 T1243 
400 5.21 34.02 397 26.89 121.1 7200 11.91 
500 4.57 34.09 496 27.02 109.5 8.16 17.21 
600 4-43 34.16 595 27-10 103.1 ds Ae 23.14 
800 3.90 34.29 793 27-25 89.2 11-14 36-81 
1000 3236 34.40 991 27240 1603.9 La819 51.87 


1200 2-96 34246 1188 27.248 69.2 14424 68.04 
1500 2.48 34.52 1484 27.57 60.8 16.18 94.69 


SOUND 


1482. 
1482. 
1482. 
1482. 
1481. 
1480. 
1482. 
1482. 
1482. 
1482. 
1481. 
1480. 
1480. 
1478. 
1477. 
1476. 
1477. 
1479. 
1480. 
1481. 
1484. 
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ey 
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PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE NOs) fO= l=, 35 DATE 25/ 2/70 

POSITION 48-42.0N, 126-40.0W GMT 662 

RESULTS OF STP CAST 123 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
. i D EN 
O 9.40 et 0 24.51 342.8 2.00 0.00 
19 9.28 31.83 10 24.61 333.4% 0.34 0.02 
20 9.31 31.96 20 24-71 324.6 0.67 0.07 
30 9.30 32.09 30 24282 31462 0.99 0.15 
50 9.25 32228 50 24.97 300.1 1.60 0.40 
a 9.02 322.4% ioe) 2 Oe So) ce een 2.34 0.86 
100 7.79 32.87 99 25.65 236.23 Aer de 1.45 
Leo 8.15 33.38 124 262-00 203642 3254 2-07 
150 T0477 33-63 149 26.30 17555 4.01 Z2e1d 
to 7251 33.81 174 26.643 163.7 4.43 3243 
200 7230 33.89 199 26652 154.9 4.83 4.18 
vara) 6.77 33.90 224 26.61 147.2 5.20 5.00 
250 6.83 33.96 248 26-64 144.0 5057 5.88 
300 6.33 33.99 298 26.73 136.0 627 7.83 
400 5-52 34.04 391 26.88 i23el Vics is, 12.42 
500 4.99 34.09 496 26.98 114.2 8.74% 17.83 
600 4.57 34.15 fe DO ete0t ‘20569 9.84% 23% 99 
800 4.06 34.28 793 27.22 92-4 11.79 37.91 
1000 3.54 34.39 991 27.36 T9639 13252 53.67 


1200 3-12 34.45 1188 27245 Theo 5.03 70.58 


SOUND 


1484. 
1484. 
1484. 
1485. 
1485. 
1485. 
1481. 
1483. 
1482. 
1482. 
1482. 
1480. 
1481. 
1480. 
1478. 
1478. 
1478. 
1479. 
1480. 
1482. 


2 
600 


Mprace eles |as = 


CO 
SS 
C) 


Reon Oe 7 Olea eau 


U8-38.0N 126-0.0W 


MO.- 2, DAY- 25 GMT- 9.2 


BUIRE. 1 
TEMPERATURE, 


C 
6 
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PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE NO. 70- 1- 34 DATE 25/ 2/70 

POSITION 48-38.0N, 126- 0.0W GMT 79.2 

RESULTS OF STP CAST 37 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 

0 9.18 31.68 0 24-51 342.5 0.00 0.00 

10 9.23 31.73 10 24254 340.0 0.34 0.02 

20 9.232 32-13 20 24.84 311.8 0.67 0.07 

30 9.33 32.221 30 24.90 306-1 0.97 0.15 

50 9.12 52651 50 25-01 296.22 1.58 0.39 

75 8.94 32.51 bem, 22620 24 ONT 2.230 0.85 


100 8.83 32-67 99 25634 265.7 2.98 1.46 


SOUND 


1483. 
1434. 
1485. 
14385. 
1484. 
1484. 
1485. 


UB 


6 UU 


PRESSURE. 
CC) 
Fr) 
G) 


1200. 


-80- 


SALINITY, 0/00 
3 ‘Sie ae 


a3 

Ree NGM. 7 Oo ee 635 
Y8-33.0N 125-32.0W + 
{ 
Miia! PAT = OMb = hb ao t 
| 
ae 


= BE 2 
TEMPERATURE, © 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 70- l= 35 DAVE 2oracs/ 10 

POSITION 48-33.0N, 125-32.0W GMT 11.2 

RESULTS OF STP CAST 

PRESS TEMP SAL DEPTH SIGMA SVA 

T 
0 8.96 31.79 0 24-263 331.0 

10 8.95 31.78 10 24.63 332.1 
20 8.76 31.79 20 24-66 328.8 
30 9243 32.16 30 24085 S41 bes 
50 9-29 32.29 50 24.97 300.0 
ge. 9225 32.25% 15 eoent, Zales 
190 9.00 32-62 99 25-28 271.9 


-81- 


49 POINTS TAKEN FROM ANALOG TRACE 


DELTA 
D 

J 200 
0.33 
0-66 
0.98 
1.59 
2-32 
3601 


SOUND 


1482. 
1483. 
1482. 
1485. 


1485. 


1486. 
1485. 


a | 


ngcee 
woes @ 


oh Sel 


 ¢fRed 


«$e! 
+#8e! 
tba 
OBO] 


eth 


sie s0 
WO «0 
10» 
«6 


M6 o 


300 F 


BOO 


7 
a . \ 
— i all” 
‘ 
| 
& 
= i 
+. an i 7 


2 


- 
yoant 


we—O 


mn) 
i 


TE 


so 


&¢-33.0N 


Mr 


r 


Ee 


eee 


bf) 


4 


a0, 


LeS~-Se. ON 


c, oPt- 23 GAT= 


CRA TURE , 


« 


» 


ie 


e 


1000 
L200 


, ter 


aw 1! 


\. 


Be, es 
r 2%, 


— (P-70-2) © 


> » 
A, 
3 » : } 
; A ; 
Y <6 08 on 3 
WOO -Gar 
GePEi-TMe) ES~ 


RESULTS OF STD CASTS 


2 a a oe 
mo i 


SS ie - ee 
oJ 2 aA TAWA at 


UB 


PRESSURE: 


-8h- 


SALINE To Or OO 
34 320 —O 3S 34 Be 


300 


bOO 


S00 


REP IN sO. hems 


SO- QO*O0N 145- O°0W 


MO*- 2s DAY-23 GMT-19°0 


15005 He 


4 = fe 
tEVPER AVENE ws 


-85- 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 707 2- “1 DAT Ef 1234) 2779 
POSITION 50- 0.ON, 145- 0.0W GMT 19.0 
RESULTS: OF STP-CAST 67 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 5.30 32.69 0 2.83 - curse 0.00 0.00 
10 5.28 32.68 10 20m abbas J-222 0.01 
20 5.28 32-68 20 25.83 218.0 0.44 0.04% 
30 5.28 32.268 30 2563S 2G 0.65 0.10 
5C 5-28 32.69 50 25284 21726 1.09 0.28 
v5 Deel 32.69 Lie 25284 217.7 1.63 0.62 
100 4.72 S092 99 26.08 194.6 217 1.10 
25 4.13 33.53 124 26.62 143.2 Za dt be56 
150 4.05 33.68 149 Z60i>  UFha0 rates 3 2.03 
175 SH F2 ey dhe 174 26.82 124.9 Bac 2256 
200 3.83 33.80 199 26.87 12022 3254 Zin VS 
229 3-76 33.85 223 26092. ULOis 3-83 3-78 
250 3272 33.88 248 26-94 11329 412 4-48 
390 3.68 33294 298 200". LOD 4.67 6.04 
400 3263 34.06 397 27.09. 10026 5212 Gett 
500 Deal 34.15 496 27.18 93.5 6.69 14.20 
600 3.37 34.222 595 eile 25 87.5 7260 19.26 
800 3210 34.32 193 21.35 1833 9-26 31.08 
1000 fae) 34.40 990 27.44 Wel! \ LOsd> 44.72 


1200 2.61 34.45 1188 27.50 65.9 12.11 59.96 
1500 2.30 34.52 1483 27.58 5067 15.98 85.265 


SOUND 


1469. 
1469. 
1469. 
1470. 
1470. 
1470. 
1469. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 
1471. 
1472. 
1473. 
1475. 
1477. 
1480. 
1484. 


UB 


ies INE: 5 


300 


600 


wa) dt) 


if 1S) 


15005 


=B6- 


SALAN IM LY sy 7 OO 
ace te 34 


REF REND 0-9 Ce-. Ee 
SO- OQ°0N 144-58°0OW 


MOe- 23 DAY-24 GMT-19°0 


a = ales 
TEMBEBRACIRESS 


Bice 


ities 


PACIFIC OCEANOGRAPHIC GROUP 


RGPERENU® NOW TOS IES 
POSITION 50- O.ON, 
RESUCTS GF SYPUCAST 
PRESS TEMP SAL 

Q 5-28 Se H1O 

10 Swat 32.270 

20 eet 32.70 

30 weet D210 

50 5.27 S20 10 

fe SZ. 322/70 
100 5-23 32-72 

P25 4.02 SSa59 

150 4.07 33.63 
175 Ser? 33.72 
200 3.90 3301 
225 3.84 33.81 

250 3.80 33-86 
300 3-72 33292 


-87 - 


46 POINTS TAKEN FROM ANALOG TRACE 


2 DAVE I Z4/ 2740 
144-58.0W GMT 19.0 
DEPTH SIGMA SVA 
T 
0 258 206% 
10 2r08H 216 ed 
20 25-84 216.4% 
30 25.84 216.5 
50 252.8% 216.7 
75 25-84 216.9 
99 Zee 214689 
124 26033 W524 
149 26g) LPS5'8S 
174 26009 Ldihel 
99 26.84 123.3 
223 26.88 120.0 
248 26-92 11643 
298 26.78 . 11069 


DELTA 
D 
0.00 
0.22 
0.43 
0.65 
1.08 
1.62 
2-17 
226% 
3-00 
Jintao 
3.65 
30.95 
4.25 
4.81 


SOUND 


1469. 
1469. 
1469. 
1470. 
1470. 
1470. 
1471. 
1467. 
1468. 
1468. 
1468. 
1468. 
1469. 
1469. 


UB 


PRESSURE » 


ek 


j59- 


SALE Yo 7 eG 
32 335 34 


REP We 70> “es og 


49-S56°ON 145- 3*OW 


MO°- 2s DAY-26 GMT-19°0 


4 = dite 
EMEA EI 


a) 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 


10% 25 


POSITION 49-56.0N, 
ReSUuLTS (OF ssiiP YGAST 


PRESS 


TEMP 


5.28 
5.28 
5.28 
5.2l 
5-27 
Siem 
5626 
4.12 
4.18 
4.05 
3293 
3-84 
3.77 
3.70 


SAL 


32.69 
32.269 
32.69 
32.69 
32269 
32.70 
32.70 
33.535 
33.59 
33.69 
33.75 
33.81 
33.87 
33.93 


-89- 


35 POINTS TAKEN FROM ANALOG TRACE 


3 DATE 26/ 2/70 
145- 3.0W GMT 19.0 
DEPTH SIGMA SVA 
T 

0 Loom iZil6.8 
10 25-84 217.21 
20 25-84 217.21 
30 25-84 217.1 
50 25-84 217.1 
iT 25-84 217.21 
99 22059 ZAdell 
124 26-48 156.4 
149 Bes! WAR ez 
174 26-76 131.0 
199 26-82 125.1 
223 26-88 120.0 
248 20073. i548 
298 26.98 110.3 


DELTA 
) 
0.00 
0.22 
0.43 
0.65 
1-09 
1.63 
2.17 
2-66 
3-02 
3-36 
3-68 
3-98 
4.28 
4.84 


SOUND 


1469. 
1469. 
1469. 
1470. 
1470. 
1470. 
1471. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 


UB 


PRESSURE 3 


3th 
c 


-90- 


SALINITYs 0/00 
32 35 34 


REF» NO» 70- 2- 4 


SO- O*ON 145- 1°OW 


MOe- 3s OAY- 3 GMT-19°0 


4 Ss Te 
TEMPERATURE: & 


32 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 


jo-~2= 


POSITION 50- 0.ON, 
RESULILS..OR~SPCAST 


PRESS TEMP 


0 5p Be 
10 5235 
20 5.30 
30 5.30 
50 5229 
75 5225 

100 4.88 
12> 4.07 
150 4.07 
:75 3.97 
200 3285 
220 3.78 
250 3.75 
300 3.70 
400 3.63 
500 3250 
600 3.36 
800 3.08 


1000 2.82 
1200 2-60 
1590 2.33 


SAL 


32,686 
32268 
32-68 
32.268 
32.68 
32-69 
32.88 
33.252 
33.63 
33271 
33.78 
33.84 
33.87 
33.93 
34.06 
34.15 
34.22 
34.32 
34.240 
34.45 
34.51 


oh Nhs 


a7 S740 


1950 


68 POINTS TAKEN FROM ANALOG TRACE 


4 DATE 

145- 1.0W GMT 

DEPTH SIGMA 
T 

0 25.82 

10 25082 

20 254283 

30 25283 

50 25283 

15 25.284 

99 26.03 

124 26.63 

149 26.71 

174% 26.79 

199 26.85 

223 26.91 

248 26.93 

298 26.98 

397 oteld 

496 27.218 

595 27025 

193 Zt 559 

990 27.44 

1188 21.09 

1483 2twoit 


SVA DELTA 
D 
218.5 0.00 
218 of 0.22 
218.22 0.44 
218.3 9.66 
218.4 1.09 
217.5 1.64 
199.1 Zeit 
143.0 2258 
134.9 2092 
128.3 Bee 
122.0 3.57 
116.8 3-86 
114.8 4.15 
110.3 4.12 
100.6 5-76 
I3e2 6.72 
87.3 7.62 
(803 9-26 
70.9 10.75 
65.8 12.11 
5969) 13.99 


POT. 
EN 
0.00 
0.01 
0.04% 
0.10 
0.28 
0.63 
1.10 
1.57 
2.05 
Zeo9 
3-19 
3-84 
4.53 
6.6 ll 
9.82 

14.24 

LQieew, 

30.93 

44.50 

59.77 

85.62 


SOUND 


1469. 
1470. 
1469. 
1470. 
1470. 
1470. 
1469. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 
TAT Ve 
1472. 
14736 
1475. 
1477, 
1480. 
1484. 


UB 


Ey iene ail eee 


ue 


=42- 


SALA Vy wo) 
3c cs 3 


REF Ne O ome 


S0- S*ON 145- 2:0OW 


MGes. 39, DAY= -SscGMi-19:0 


“4 = fee 
TEMPERA TIRIRE 9 ( 


35 


= 93- 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. TOR 225 Bb DATE? S737 710 
PUSITION 50- 5.0Ny, 145- 2.0W GMT 19.0 
RESULTS OF STP CAST 55. POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 5.38 32-66 0 25.80 220.2 0.00 0.00 
10 5.35 32266 10 25-40 220.22 Qe22 0.01 
20 5-32 32-66 20 25281 21928 024% 0.04 
30 5232 32.67 30 25-81 219.6 0.66 0.10 
50 Seel 32.68 50 252-83 218.2 1.10 0.28 
75 5-20 32-70 75 25.85 216.5 1.6% 0.63 
100 5e1l 32.73 99 25-88 213.44 2.18 lell 
125 4.27 33.28 124 26-41 163.24 2-66 1.65 
150 4%e12 33.55 149 26.64 141.7 320% 2.18 
17s 4.00 33-66 174 26-74 132.7 3.38 2.75 
200 3294 33.73 199 26-80 126.9 3.70 3.36 
225 385 33.78 223 26286: F22.0 4.01 4.04% 
250 3.78 33.85 248 26-91 116.8 4.31 4.176 
300 3.70 33.92 298 26-98 lllel 4.88 6-36 


SOUND 


1469. 
1469. 
1470. 
1470. 
1470. 
1470. 
1470. 
1468. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 


UB 


PRESS wRESs 


-94- 


SALINE Les  O708 
sa ae 34 


REbreNere2 =) Cen 2b 


SQ- 1°ON 145- S:*QW 


MGe= Ss: GAY-10 GMT-19:0 


4 = te 
i gd (ae a ul |e mea) 


- 95- 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. * 70 124.6 DATE 10/ 3/70 
POSITION 50- 1-0Ny 145- 5.0W GMT 19.0 
RESULTS °OF* STPLCAST 69 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. SOUND 
i D EN 
9) aee9 32267 0 25-82 218.24 0.00 0.00 1469. 
10 5.28 32.266 10 254681 21944 0.22 0.01 1469. 
20 5227 32.67 20 25682 21667 0.44 0.04 1469. 
30 Obert 32-67 30 25282" 21668 0.66 0.10 1470. 
50 5.27 32.67 50 25-82 219.0 1.09 0.28 1470. 
75 5227 32.68 75 25283 21855 1.64 0.63 1470. 
100 Self 32.71 99 235300. (21i3a0 Pee oy lell 1470. 
125 4.09 33.39 124 26e52" 153¢3 Cea Le62) (1467, 
150 4.07 33e55 149 26565” 145.3 3.00 2-137 11466, 
Let 3-99 33.68 174 26.76 131.1 3234 2-69 1468. 
200 Cif 33-74 199 26.82 125.5 3-66 3230 1468. 
Ae) 3-82 33.80 223 26.87 120.4% 396 3-97 1468. 
250 Set 33.83 248 26-90 117.26 4.26 4-69 1468. 
300 3.72 S56 91 298 26091" it2eu 4.83 6-30 1469. 
400 3-66 34.03 397 20001 2 VOS.9 5-90 10.08 1471. 
500 3252 34.13 496 27.16 95.0 6-88 14.60 1472. 
600 3-38 34-21 595 27.24 88.4 7.80 LOGO 2 > ELST 35 
800 3.08 34.30 793 27.34% 19.4% 947 37.55 jL475. 
1000 2.81 34.39 990 27.4% Tle& TOS9T 45.31 1477. 


12900 2.61 34.44 1188 27249 6666 12.34 60.71 1480. 
1500 2.29 34.52 1483 27258 58-8 14.422 86.48 1484. 


UB 


Eire since 


-96- 


SALINE vss O70 
aes aes 34 


RE ING se 7 O-8 (O-e = 7 


SO- O»0N. 145- O-OW 


MO*- 3» DAY-12 GMT-19°0 


4 = es 
TEMPERATURES » 0 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 70=-2=- 7 DATE 12/ 3/70 
POSITION 50- O.ONy 145- 0.0W GMT 19.0 
RESULTS GF LS te CAST 46 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA CEL TA POT. 
T D EN 
6) Seal 32.68 0 25.83 211.5 0.00 0.00 
10 5223 32.68 10 25283 21744 Q222 0.01 
20 5023 32.68 20 25-83 21%e5 9243 0.04% 
30 5223 32-68 30 25-83 21946 0.65 0.10 
50 5.21 32-69 50 25284 21649 1.09 0.28 
1) 5216 32.69 75 25285 216-25 1.63 0.62 
100 4.90 32.81 99 26.94 20563 2-16 1.10 
ig. 4.11 33.36 124 26-50 155.44 2262 1.62 
150 4.01 33.61 149 26-70 136.0 2-98 212 
175 3.95 33.79 174 26.78 12943 3.31 2.67 
200 3.81 33.77 199 26.85 122.4% 3262 = ee 
225 3274 33.81 223 26.89 118-8 3.93 3.92 
250 372 33.86 248 26.93 115.4 4-22 4.63 
300 3.70 33.93 298 26.98 119.3 4.18 6220 


SOUND 


1469. 
1469. 
1469. 
1469. 
1470. 
1470. 
1469. 
1467. 
1467. 
1468. 
1468. 
1468. 
1468. 
1469. 


UB 


Pie sane 


-98- 


adi 
a) 


sn A gt il TE cc 8 Slant =| 
S0- 1°ON 145- 8°OW 


Mises ag AY La Oi es 


ee) 


15005 


Ales TN itts AOA@O 
oe oe 2 


4 s er 
TEMPERA TSRE > —C 


en 


-99- 


PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE NOs f0S(2=. (6 DATE 19/ 3/70 

POSITION 50- 1.-0N, 145- 8.0W GMT 23.7 

RESULTS OF STP CAST - 67 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 

0 5-32 32.67 0 25-81 218.7 0.00 0.00 
10 5.30 32.67 10 Z2oee2 = 2iBse9 0.22 0.01 
20 5227 32.67 20 25882 21807 0.44 0.04 
30 5026 32.67 30 2oe02 ¢issl 0.66 0.10 
50 5025 32.67 50 25282 218.7 1.09 0.28 
75 5223 32.68 75 25-83 218.3 1.64 0.63 
100 4.78 32.90 79 26.06 196.7 2-18 1ell 
125 4.216 33.35 124 26248 15628 2262 1.61 
150 4.06 33.59 149 26.68 137.8 2.99 2212 
175 3.99 33.68 174 26.76 131.0 3.32 2.68 
200 3.88 33.74 99 26082 125485 3264 3229 
225 3.80 33.78 Z2od 26.86 121.9 3.95 3.96 
250 3273 33.84 248 26.91 116.8 4.25 4.68 
300 3-72 33.91 298 26.97 112.0 4.82 6.28 
400 3.64% 34.04 397 27.08 1DLeg 5.89 10.07 
500 3-52 34.15 496 2q7elT 93.7 6.86 14.54 
606 3237 34.21 oe) 27.24 88.3 T.77 19.63 
800 3210 34.30 793 27.34 19.66 9.44% BB A Se 
1000 2.80 34.40 990 27-44 TO? 10.69% 45.21 


1200 2-58 34.45 1188 27.50 65.6 12.30 60.40 
1500 2.31 34.52 1483 Cie 8 58-9 14.16 86.01 


SOUND 


1469. 
1469. 
1469. 
1469. 
1470. 
1I4TO% 
1469. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 
1471. 
1472. 
1473. 
1475. 
1477. 
1480. 
1484. 


UB 


Pe SoBe. 


LOO 


200 


3005 


SALINITY: O”Q0 
32 ce 34 


=T00- 


Ss 


REFe NOe 70- a2- g 
49-S8°ON -145- 1¢OW 


MO+- 3» DAY-25 GMT-165 


+ = te a 
TEMPERATURE, € i 


“lOihe 


PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE NO.) 70— 2=) 19 DATE 25/ 3/70 

POSITION, 49-58.0N, 145- 1.0W GMT 18.5 

RESULTS: OF STP CAST 48 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 

T D EN 
0 5-18 32269 0 2589: Cpa 0.00 0.00 
10 5-18 32269 10 2eGS) cela 0.22 0.01 
20 5-18 32.69 20 255.8 2G e 0.43 0-04 
30 5.18 32.69 30 25-85 216.23 0.65 0.10 
50 5.18 32.69 50 25285 216-25 1.08 0.28 
75 Die be 327 £0 75 25086 263 162 0.62 
100 5.02 32.69 99 25-87 214.8 216 1.10 
L25 4.19 33.235 124 26647 15726 2-63 1.64 
150 4.06 33.60 149 26-69 137.21 2.99 2.15 
LS 3296 33270 174 26.78 12962 3232 2.59 
200 3.86 33.76 199 26.083. W239 3.64 3229 
225 3.78 33.82 223 26.89 118.7 3294 3.94% 
250 3.75 33.86 248 26.93 115-22 4.23 4.65 
300 3.72 33.94 298 26.99 109.8 4.19 6.22 


SOUND 


1469. 
1469. 
1469. 
1469. 
1469. 
1470. 
1470. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 


US 


PER ee ee) Ne 


PT O2= 


SALUNT LY 5 Gr @0 
ice cohen 34 


REF» NO+ 70- 2@- 10 
SO- 2*ON 145- 2-0W 


= 


MOe- 3» DAY-27 GMT-19°0 


4 = ah os 
TRVIPBRATIERE 3-C 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 


POSITION 50- 2-0Ny 
RESULTS OF STP CAST 


PRESS TEMP 


) 569 
10 5234 
20 5.34 
30 5e27 
50 5.26 
Lee, 5215 

100 5.10 
| Wrpe 4.28 
150 4.07 
175 4.03 
200 3.90 
222 3.79 
250 3074 
300 3-71 
400 3.63 
500 3.50 
600 3237 
800 3210 


1000 2.84 
1200 2.59 
1500 2-30 


SAL 


32.68 
32-68 
32.68 
32.69 
32.69 
32-69 
32-71 
33223 
33.55 
33.65 
33.73 
33.78 
33.63 
33.92 
34.05 
34.215 
34.21 
34.31 
34.39 
34.45 
34.52 


10=<,2= 4&0 
145- 2.0W 


DEPTH 


il ad 


DATE 27/ 3/70 
GMT 19.0 
71 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
Lapoe 
25-82 
25.282 
25.384 
25284 
25285 
25.87 
26.37 
26.65 
26.73 
26.81 
26286 
26.90 
262.98 
27.09 
27.18 
27224 
27.234 
271243 
27.50 
27-58 


SVA DELTA 
D 
218.3 0.00 
218.6 0.22 
218.7 0.44% 
Zits 0.66 
21%s3 1.09 
216.1 1.63 
214.6 217 
167.4% 2-66 
140.9 3204 
133.5 3-38 
126.1 3.70 
121.3 4.01 
117.6 4.31 
111.2 4.88 
101.4 5.94 
935 6.91 
88.2 7282 
7922 9249 
71-8 11.00 
65-8 12.37 
58.9 14.24 


POT ® 
EN 
0.00 
0.01 
0.04 
0.10 
0.28 
0.62 
Let 
1.66 
Ze 19 
2.75 
3.37 
4.04 
4.76 
6-36 

10.13 

14.57 

19.64% 

31.50 

45.28 

60.58 

86.23 


SOUND 


1469. 
1469. 
1470. 
1470. 
147C. 
1470. 
1470. 
1468. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 
1471. 
1472. 
1473. 
1475. 
1477. 
1480. 
1484. 


is 


pip ical a pee 


Sick 
® 


-104- 


SAINT T YS 6700 
Sey nay ces: 34 zis 


REF» NO» 7O- 2- 14 
50- O-ON 145- 2-OW 


MO°- 3s DAY-30 GMT-19°0 


a = HE 
et [icc eV pepe 


~105~ 


PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NOe 70- 2- 11 DATE 30/ 3/70 
POSITION 50- 0.0N, 145- 2.0W GMT 19.0 
RESULTS OF STP CAST 67 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 5-50 S24 00 0 2551672 218.5 0.00 0.00 
10 5.47 32.69 10 25e0L. 21962 0.22 0.01 
20 5244 32.69 20 goarc 219 01 0.44 0.04 
30 5244 32.69 30 20unc 21961 0.66 0.10 
50 5-36 32269 50 eo~en> 218.2 1.10 0.28 
"i) 5-26 32.69 75 25.84 217.6 1.64 0.63 
100 59239 32679 99 Eoe@o>)  2'Lbie2 Let 1e1ll 
125 4.31 33-21 124 262-36 168.7 2-69 1.69 
150 4.09 33.5% 149 26.64 142.0 3.07 2.23 
175 4.02 33.68 174 26615 131.3 3241 Jal 9 
200 3290 33.75 199 26.82 125.0 3273 3.40 


225 3-81 33.80 223 26-87 12024 4.04 4.06 
250 3.77 33484 248 26491 (117.2 4.34 4.78 


300 3.72 33-92 298 264097 Lites 4.91 6-38 
400 Se00 34.204 397 2¢.07 102.6 ee tf 10.17 
500 3.54 34.12 496 2fe15 95-7 6.97 14.71 
600 3242 34.20 => fe 27.23 89.5 7.89 19.89 
800 3214 34229 793 27.33 80.9 9.56 31.88 
1000 2.87 34.38 990 27.42 7228) 1Lielt 45.92 


1200 2263 34-44 1188 27.49 66.8 12.51 61.51 
1500 2-33 34.51 1484 27-57 592-9 14-41 87.52 


SOUND 


1470. 
1470. 
1470. 
1470. 
1470. 
1470. 
1470. 
1468. 
1468. 
1468. 
1468. 
1468. 
1466. 
1469. 
1471. 
1472. 
1473. 
1475. 
1478. 
1480. 
1484. 
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PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE NOSe 70s) 2=. 12 DATE 2/ 4/70 

POSITION 50- 1LeONy 145- 0.0W GMT 19.0 

RESULTS OF STP CAST 41 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 

1 D EN 
0 5-50 32.69 0 25281 219.2 0.00 0.00 
10 5253 32.69 10 25.81 219.9 0.22 0.01 
20 5-50 32269 20 25-81 219.27 0.44 0.04 
30 5+ 44 32.269 30 Loe Cey 2h9 en 0.66 0.10 
50 5224 32.267 50 25-82 218.7 1.10 0.28 
75 5-13 32.70 (he 25-86 215.1 1.64 0.62 
100 5.10 32.71 99 252867 214.6 Cael, 1.10 
12> 4.38 33.18 2124 26.32 171.7 2.68 1.68 
150 4.09 33.53 149 26-63 142.8 3.07 2-22 
175 3.99 33.70 174 26e1f 12966 3-40 2.78 
200 3.91 33.74 199 26-81 125.7 3-72 3.39 
2209 3.84 33.79 223 26-86 121.4 4.03 4.06 
250 3.79 33.83 248 26.90 117.8 4.33 4.78 
300 3074 33-90 298 26.96 112.29 4.91 6.39 


SOUND 


1470. 
1470. 
1470. 
1470. 
1470. 
1470. 
1470. 
1468. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NO. 70- 3- 1 . DATE 1ll/ 4/70 
POSITION 50- 0-ONy 145- 1.0W GMT 18.7 
RESULTS OF“SEP CAST 42 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 elt 32.73 0 25608.  2h2eé 0.00 0.00 
10 5.17 Ey are ee 10 25-88 213.0 0-21 0.01 
20 5.17 32.73 20 25.88 213.1 0.43 0.04 
30 5-17 32-73 30 252-88 21342 0.64% 0.10 
50 SeET 32.73 50 25-88 213.4% 1.07 0.27 
75 5-17 32.73 75 25-88 213.6 1.60 0.61 
100 4.174 32.83 99 26e0) 208ant 2212 1.08 
L2Zs 4.06 33-56 124 26.66 139.8 2.55 1.56 
150 4.03 33-71 149 26.78 128-46 2.88 2.03 
175 3.91 33.79 174 26685. l2Zaer ie oe 2254 
200 3-81 33.84 199 26-91 117.0 3249 3-11 
225 3.72 33.86 2a9 26693 TSG 3.78 3274 
250 3.69 33.91 248 26.97 111.6 4.06 4243 
300 3267 33.98 298 27.03 106.4 4.61 Se 95 
400 Beat 34.09 397. 27.12 97.8 5.63 9.57 
500 3245 34.17 496 Pag pret, | 91.3 6657 13.89 
600 3e31 34.23 595 27-26 B61 7246 18.85 
890 3.05 34.3% Fie ie 27.37 T1607 9.08 30.38 
1090 2.80 34.42 990 27246 69.0 10.53 43.64 


1200 2255 34.48 1188 rt ete Ne 6353 *Ll.se> 58.43 


1500 2.25 34.56 1483 27.62 55.5 13-62 B2.74% 


SOUND 


1469. 
1469. 
1469. 
1469. 
1470. 
1470. 
1469. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 
1470. 
1472. 
1473. 
1475. 
1477. 
1480. 
1483. 
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PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE’ NO. 70=73— 2 DATE 14/ 4/70 

PUSITION 50- 0.ONy 145- 0.0W GMT 19.5 

RESULTS OF STP CAST 25 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 

T D EN 
0 5.30 SZievhie 0 25286 214.8 0.00 0.00 
10 5.30 32.272 10 252.86 215-1 0.21 0-01 
20 5.30 32-72 20 2500) 2562 0.43 0.04 
30 5229 32-72 30 25-86 215-43 0.65 0.10 
50 5629 32272 50 25-86 21544 1.08 0.27 
1S 5-14 32-74 75 25.89 2125 1.61 0.62 
100 4.71 32.87 99 26.04 198.4 2.13 1.08 
125 4.13 33-49 124 2659 V6.3 2.57 1.58 
150 4.05 Sle fi2 149 26.78 128.5 2.90 2.04 
175 3295 33.77 174 26.84 123.5 3222 2257 
200 3-85 33.82 199 26.88 119-1 3252 3214 
Lae, But D 33.83 223 26.90 118.0 3-82 3.78 
250 Sesti3 33.87 248 26.94 114.5 4.11 4249 
300 3.68 33.95 298 27.00 108.5 4.66 6.04 


SOUND 


1469. 
1469. 
1470. 
1470. 
1470. 
1470. 
1469. 
1467. 
1468. 
1468. 
1468. 
1468. 
1463. 
1469. 
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PACIFIC OCEANOGRAPHIC GROUP 

REGCERENGE «NOs shires ~aS DATE 18/ 4/70 

POSITION 50- 0.ON, 144-57.0W GMT 18.2 

RESULTS -OF ASEP CAST 51 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 

T D EN 
0 5246 32.69 0 25-81 218.8 0.90 0.00 
10 5245 32.69 10 250832 «LIM wid 0.01 
20 5245 3269 20 25-82 219.1 0.44 0.04 
50 5.23 32271 50 25.05 +b ot 1.09 0.28 
Lo 5.08 Be ole 15 25659. afi ep 1.63 0.62 
100 4.99 32-71 99 25-88 213% 2-16 1.10 
LA. 4.14 33.48 124 262.59 146.6 2-62 1.62 
150 4.06 33.65 149 26003 sd ed Zao! 2-11 
Asie? 3.98 33-73 174 26.80 126.8 3.29 2-64 
200 3.87 SS ocdel 199 26684 123.0 3261 322% 
ZL) 3.79 33.82 223 260089 ALb.o 3.91 3.89 
250 3-75 33.85 248 26092 - Alex 4.20 4.60 
300 3.68 33.91 298 26097 dil 6 4.77 6.20 
400 3.63 34.01 391 27.06 104.22 5.85 10.03 
500 3-51 34.11 496 27.15 96.4 6.85 14.60 
690 Soh 34.19 595 27.23 89.5 7.78 19.82 
800 3.07 34.30 193 27.34 19 2% 9-46 31.79 


1000 2.80 34.39 990 27244 Tlel lO.97 45.57 


1200 2259 34.45 1188 27.50 66-0 12.34 60.88 


1500 2-28 34.52 1483 27.58 58.6 14.20 86.47 


SOUND 


1470. 
1470. 
1470. 
1470. 
1470. 
1470. 
1470. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 
1470. 
1472. 
1473. 
1475. 
1477. 
1480. 
1484. 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE NOs OS S=" 4 DATE 26/ 4/70 
POSITION 50- 2.0Ny, 144-58.0W GMT 18.7 
RESULTS OF: STP CAST 40 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 5. 34 32-74% 0 25087 213.27 0.00 0.00 
10 5.3% 32274 10 Zoe0t).. oad 0.21 0.01 
20 5-34 32-74 20 25601 2143 O.43 0.04% 
30 5 34 32.74 30 25.87 214.5 0.64 0.10 
50 5-34 320% 50 25-86 214.8 1.07 0.27 
15 5.34 Soott 3? 15 caeO8G> 25% 1.61 0.62 
100 5234 6, 99 ZDe6> ~ 2:1 Slesl 2.15 1.10 
125 4.18 33430 124 26-48 157.21 2-62 1.63 
150 4.02 33.70 149 2600 V2 2-97 2-12 
175 3293 33.76 174 26-82 124.6 3-28 2-64 
200 3.81 33.80 199 26.87 120.4 re 3223 
220 3275 33.85 223 26.92 116.0 3.89 3.87 
250 3.71 33.88 248 26.94 113.9 4.17 4-56 
300 3-65 33.95 298 27.00 108.4 4.73 6212 
400 Ee I | 34.06 39 27.10 100.1 prt Ad & 9.84 
500 3245 34.15 496 27.18 93.0 6.74% 14.24 
600 3.31 34-21 595 27.25 874 7-64 19.29 
800 3-02 34-32 793 27.36 T7723 9.28 30-96 
1000 2.78 34-40 990 27-44 70.6 10.76 44.47 


1290 2255 34.46 1188 27.252 64-3 12.10 ete Fae tl 
1500 2225 34.53 1483 27.59 STe5 thae7o 84.53 


SOUND 


1469. 
1470. 
1470. 
1470. 
1470. 
1471. 
1471. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 
1470. 
1472. 
1473. 
1475. 
1477. 
1480. 
1483. 
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PACIFIC OCEANOGRAPHIC GROUP 


RERERENCE ‘NGOs, VWOr. 3-- 5 DATE 29/ 4/70 
POSITION 50- 3.0Ny 145- 3.0W GMT 18.2 
RESULTS GF She? CAST 36 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 5645 32.70 0 “orate  Chhie9 0.00 0.00 
10 5.43 32.70 10 CowS8! Clits 0222 0.01 
20 5242 32-70 20 Zoo) ZL Bt) 0.44 0.04 
30 5242 32.70 30 2508/3? 2B 0.65 0.10 
50 5-40 32% ,10 50 25003 ‘21 B64 1.09 0.28 
15 ee! f 32.269 15 2583) 2B 1.64 0.63 
100 5232 32.70 99 252.84 217.9 218 1ell 
125 4.31 33,15 124 262507 1iPseo 2268 1.68 
150 4.08 33-63 149 26-71 135.3 3.06 2-20 
175 3-98 33%.72 174 26.79 128.1 3.38 2274 
200 3-86 33.77 199 26.84% 123.1 3-70 3.34 
225 3.76 33.82 223 26.89 118.4 4.00 3999 
250 3.73 33.86 248 26-93 , 11562 4.29 4.70 
300 3267 33.93 298 2602995 iE 4.85 6228 


SOUND 


1470. 
1470. 
1470. 
1470. 
1470. 
1471. 
1471. 
1468. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 


U 

Biel 
MO 
itil 

oeill 
LJ 
om 
= 
ce) 
IU REF. NO. W770 = 3 976 
pit 
Ere 50-2.0N 145-0.0N 
bert) MO.- 5, DAY- 2 GMI- 16.2 
L004 : le ib 


Wa iran aki On dae 


-121- 


PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE! NG. %0=)3—- 6 DATE 2/ 5/70 

POSITION 50=- 2-0N, 145- 0.0W GMT 18.2 

RESULTS’ OFA STP CAST 49 POINTS TAKEN FROM ANALOG TRACE 


PRES TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 

Q ve ie, 32.68 0 20 01 T 22206 0.00 0.00 
10 5.70 32.67 10 yet 22305 0.22 0.01 
20 5-258 32-67 20 ZOaTo Saeeu 0.45 0.05 
30 eatee ke, 32.68 30 25.79 221.3 0.67 0.10 
50 5-40 32.68 50 2a e802) 2a 1.il 0.28 
toe 5.35 32.268 tide, 25232 219.21 1.66 0.63 
100 4.63 32.88 99 26.06 196.8 2el9 1.10 
25 4.10 33.47 124 26.58 147.3 2-62 1.59 
150 4.00 33.70 149 26677 1292 2296 2-07 
Pio 392 33275 174 26082 P2505 3-28 Zed 
290 3.81 33.79 199 26-87 120.7 3.58 3.18 
225 3.75 33.83 223 2069) PERSZ 3.88 3.83 
220 3-71 33.86 248 26.93 11563 4.17 4.53 
300 3-66 33.93 298 26399 “10969 4.14 6e11 
400 3.60 34.04 397 27.08 101.8 5.79 9.86 
500 3.46 34.12 496 27.16 94.9 6.77 14.35 
600 3.32 34.20 595 27224 88.1 7.69 19.47 
800 3.05 34.31 7193 Zlas? 78.8 9.35 31.26 
1000 2.78 34.40 990 27244 70.4 10.84 44.87 


1200 2254 34.245 1188 27-51 64.8 12.19 59.95 
1500 2226 34.52 1483 27.59 5824 14.04 85.24 


SOUND 


1471. 
1471. 
1471. 
147i. 
1470. 
1471. 
1468. 
1467. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 
1470. 
1472. 
1473. 
1475. 
1477. 
1480. 
1483. 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE INO. ' 702" o-\. EF DAY E-f°5 AP SggO 
POSITION 49-59.0Ny 145- 5.0W GM TEES SZ 
RESULTSVOF STReCAST 55 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA  SVA DELTA POT. SOUND 
T D EN 
e) 5.80 e209 0 Zoot S222 06 0.00 0.00 1471. 
10 5.80 32659 10 2961 | Meese o Ve22 O.OLe L471. 
20 5619 FS2Z069 20 Z£oe0) S22Z3N0 0.45 OWUS 1472. 
30 a<6f9 32269 30 2Se 18.) Se eae 0.67 0.10 1472. 
50 5647 32.71 50 25453: 622055 iil 0.28 1471. 
v) 5240 32-71 75 25284 «21764 1.66 OF63 133471, 
109 5625 32272 99 29206" *215¢8 2.20 ell HPS. 
125 4.21 33927 124 26-41 163.1 2268 1.66 1467. 
150 4.03 33-67 149 26275 FPS 155 3.0% 2616; 1468. 
Le oe, 3¥99 33.77 174 26684 E23 eZ 3.35 2-69 1468. 
200 3.80 33.80 199 26287 #12070 3.66 3.27 1468. 
CE cs, 3.74 33.85 223 20692 stor! 3.95 3290 1468. 
250 3.71 33.88 248 26394 ShLSS/ 4.2% 4-60 1468. 
300 3.67 S393 298 26599 ALEO?O 4.80 6-16 1469. 
400 3.60 34.04 397 2hSO9> SOR S 5.35 Se OLE Ree. 
500 3.48 34.12 496 24.6 94.8 6.33 14.40 1472. 
600 3.33 34.20 595 2¥.24 88.2 i See L9G D2)* 1473. 
809 3.05 34.31 193 20635 7804 9441 Sie? [A TS1 Ds 
1090 2.89 34.39 990 272.4% TAL AFGSs0 44.92 1477. 


1200 evo. 34.45 1188 27-51 65.0 12.26 60-13 1480. 
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PACIFIC OCEANOGRAPHIC GROUP 


RERERENCE! NO. NOE S3- 8 DATE 10/ 5/70 
PUSITION 49-58.0N, 144-55.0W GMT 18.4 
RESULTS ObAP CAST 26 POINTS TAKEN FROM ANALOG TRACE 
PRs. TEMP SAL DEPTH SIGMA SVA DELTA POTS 
A D EN 
0 571 32.68 0 25 0t-B Se 2.203 0.00 0.00 
10 D:eylal 32.68 10 pol “aeieaneut 0.22 0.01 
20 D oiled 32.68 20 ES Om es REA Xo) 0.45 0.05 
30 D eglol 32.68 30 PO ei Duele wae 0.67 0.10 
50 > eahel 32.68 50 Zag i225 ok lell 0.28 
15 5.60 32-268 15 Z250t9 . 2:22 of 1.67 0.64% 
100 5.08 32-74 99 BO ee? dcilid as 2 ore 1.13 
Lao 4.22 33.40 124 ZO eo) shod sal 2.69 1.67 
150 4.14 33.63 149 ZOet0 § 360k 3205 2-16 
lal 4.03 33.70 174% 2Belgl deo 3.38 21 
200 3.91 33.76 Log 26.83 124.4 3.69 3232 
Lin 3.81 33.80 223 ZOiaout . glsZ0 ot 4.00 3.98 
250 3 ogle 33.83 248 26090: Lies 4.30 4.170 
300 3-69 33.90 298 Zo wihO”  ialed aft 4.87 6-30 
400 3<b2 34.06 397. 2t09 WLOOS6 pie: pe) 10.06 
500 3.47 34.13 496 “al Pee G2) 94.7 6091 14.52 
600 3-32 34.19 Sr el aic.S 88.8 7282 19.65 
800 2.99 34.31 #93 21s 36 78.0 9249 31.45 
1000 Zeit > 34.39 990 27244 Udo ott Ora Tt 45.00 


1200 Zao 34244 1188 27.50 6508 “.f24104 60.30 
1500 2224 34.52 1483 Zt 39 5B Zohar O 85.72 


SOUND 
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1471. 
1471. 
1471. 
1472. 
1472. 
1470. 
1463. 
1468. 
1468. 
1468. 
1468. 
1468. 
1469. 
1470. 
1472. 
1473. 
1475. 
1477. 
1460. 
1483. 
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PACIFIC OCEANOGRAPHIC GROUP 


REFERENCE WAU. NY Ose5—1 V9 DATE 13/ 5/70 
POSITION 50- 0.ONy 145- 7.0W GMT 18.2 
RESULTS OF STP CAST 23 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 
T D EN 
0 5.75 32.68 0 25-77 222.8 0.00 0.00 
10 5272 32.69 10 25578 “2221 0.22 0.01 
20 5e72 32.69 20 25-78 222-62 024% 0.05 
30 5-72 32.69 30 25578 ©2223 0.67 0.10 
50 5.71 32.69 50 25548 £22254 ist 0.28 
7S 5034 32.70 15 25284 2172% 1.66 0.64 
100 5-03 a2e15 99 259291 21058 2-20 bate) 
125 4.49 33.02 124% 26-18 185.3 2.71 1.69 
150 4.10 33254 149 26-64% 142.4 3-11 2-26 
1 a) 4.00 cE ty | 174 265768 12901 3245 2.81 
200 3.87 33077 199 265985 12257 3.76 3-42 
223 3.75 33.84 223 26-91 116.5 4.06 4.06 
250 3.72 33.87 248 26-94 114.26 4.35 4.16 
300 3-68 Ca 4 298 26.98 110-8 4.91 6234 
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PACIFIC OCEANOGRAPHIC GROUP 

REFERENCE NO. 70- 3- 10 DATE 16/ 5/70 

POSITION 50— 1-0N, 145- 5.0W GMT 18.2 

RESULTS OF STP CAST 32 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. SOUND 
r D EN 

9) 5.293 32.75 0 25-681 219-46 0.00 0.00 1472. 
10 5.93 32.275 10 25-81 220.0 0.22 0.01 1472. 
20 5093 32.75 20 25.81 220.1 0244 0.04 1472. 
30 «6.5493 32215 30 25-81 22062 0.66 0.10 1472. 
50 5.79 32.275 50 25282 218.8 1.10 0.28 1472. 
1) 5226 32.80 75 25.93 209.0 1.63 0.62 1470. 
100 5.06 32.84 99 252-98 204.4 2-15 1.08 1470. 
125 4.34 33-22 124 26-36 168-5 2263 1-63 1468. 
150 4.11 33.62 149 26.70 136.0 3.00 2014 1468. 
175 3296 33.79 174 26285 122.3 3232 2-67 1468. 
200 3284 33.84 199 262.90 117.6 3262 3-24 1468. 
225 3675 33.88 223 26094 113.5 3.90 3-86 1468. 
250 3.72 33.292 248 26.97 111.0 4.18 4.54 1468. 
300 3.69 33.98 298 27.03 106.4 4.73 6.06 1469. 


400 3.60 34.10 397 27.213 9724 Se 9.68 1470. 
500 3246 34.19 496 27.21 90.0 6.68 13.95 1472. 
600 3.32 34.26 595 27.28 84.0 7255 18.82 1473. 
800 302 34.37 7193 27-40 T7401 9.12 29-98 1475-6 
1000 2.78 34244 990 27.48 67.2 10.53 42.87 1477. 
1200 225% 34.51 1188 27.55 61.0 11-82 57.19 1480. 
1500 22.24 34.58 1483 27.6% He Wt GD Oe dre 80.60 1483. 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 


CRUISE REFERENCE NUMBER 70- 


DATE/TIME 
YR MO DY GMT 
(Oe oe 0 
C8 Sede Shell iS ei he 48) 
107 bo O80 
1 Labial sal | footie Be] 
TO. Lex 1330 
70> Veter 2 
TOe Deere 930 
TOS Cer 15 
Ff 8 Te Nhody 8 Unda Beal 
10: 71212710 
TO” ere) 
70 «61 11 1420 
TOR he ke LO 
70 #1 11 2040 
70. ‘1 :11°'2345 
Loved. ae. 
WOig keke, .020 
Oo Oe) L010 
TOue lier Lo00 
tO 1 be 2025 
TODD Le Bo 0 
8 ne ae 0 
Oo) 15 0 
yo Ae ae 0 
fO8) Di ee 0 
TO 23 0 
170-1 24 0 
To La -25 0 
70 1 26 0 
TO A 30 0 
TO. 2 39 0 
TO. ek 0 
TO 2 are 0 
68 ae 0 
rech wycre 6) 
10") 2) 233 0 
10) 2G 0 
10s “capes: 0 
£0) <Z5 86 0 
710-2) eo 0 
10 SE 0 
10 C2 0 
10% 225m ~=-300 
10° “Zo Ls 0 
10. 235 0 
70 2 45 0 
1D 2-216 0 
rhe ee ste ig 0 
10% o2 308 0 


SALINITY 


0/090 
32.859 
32.212 
32.396 
32-266 
322344 
322461 
32.483 
32-480 
322%66 
32-411 
322446 
32.469 
322456 
32.2513 
32.504 
322549 
326918 
32.556 
32.591 
322624 
32-626 
32.626 
32.617 
32.655 


322645 
322642 
322622 
32.617 
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32.663 
32.660 
322586 
32.709 
32-656 
32.798 
32-674 
32.637 
32-640 
32.628 
32-623 
32.656 
32.621 
32-61% 
32-666 
322673 
322672 
322639 
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EZ 22 
LZe~ 20 
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128-40 
129-40 
130-40 
131-40 
132-40 
133-40 
134-40 
135-40 
136-40 
137-40 
138-40 
139-42 
140-40 
141-40 
e239 
143-40 
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STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
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STATION 
STATION 
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STATION 
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STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 
CRUISE REFERENCE NUMBER 70- 1 


DATE/TIME SALINITY TEMP LONGITUDE 
YR MO DY GMT 0/00 C WEST 
TOP 2 ens 0) 32-674 Bret ON STATION 
10. 220 0 32-666 5.6 ON STATION 
10: Zeal 0) 326658 5.6 ON STATION 
10 2H2e 0 326050 59 ON STATION 
10. 2a23 0 32-654 6.0 143-30 
10 2624 0 68 136=b2 
10 2025 0 32-040 9.2 128-42 
10 2H251re300 322240 9.4 127-40 
70. 2nZSen630 31.700 9.5 126-40 
10° 2g25Re91L5 31-660 9.4% 126- 0 
70 2pgogl21s 31.770 9.3 125732 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 


CRUISE REFERENCE NUMBER 70- 


DATE/TIME 
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10 et 2t 1 t100 
710) ©2424 '2420 
10 Yl 2e* te 
TO. M2E24 tZ080 
TO. Pee ee 0 
10° Oe 22+ 300 
10 Pet 22° 6450 
1Ore 2 22-1000 
(OW 2 22 1300 
VOnwseree 6) OLD 
TOG e2ne2 1930 
10 se 22: 2250 
TOs ae ren5) VSO 
TOey 2.25, 300 
Oe 22s > 820 
TOMA 221230 
105729 24 0 
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LO) 73 7-3 0 
17 3 4 0) 
Oe S06 0 
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10 32°11 0 
On Sbe 0 
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70 3 14 0 
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10 3 16 0 
19 3 Ag 0 
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32.677 
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S2eOT2 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 
CRUISE REFERENCE NUMBER 70- 2 


DATE/TIME SALINITY TEMP LONGITUDE 
YR MO DY GMT 0/00 C WEST 
70 «3. oe 0 32.679 Se 2 ON STATION 
10° 3 29 0 32-672 5.5 ON STATION 
10: 3 30 0 32-671 526 ON STATION 
70. 3 St 0 322676 5.7 ON STATION 
70 «64 Gb 0 32.704 5.5 ON STATION 
70 4 O02 0 32.682 5.5 ON STATION 
70. 4-66 0 32689 5.7 ON STATION 
70 4 UF 0 32-6383 526 ON STATION 
10 4 08 0) 32.659 525 ON STATION 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 
CRUISE REFERENCE NUMBER 70- 


DATE/TIME 
YR MO DY GMT 
fOr se 4 5250 
40,4," 4& 430 
10) 4. °4)" <106 
70 & 4 1020 
70 4& 4 1630 
TO" 4 64571930 
70 & 4& 2240 
1 OR ae TS.) 230 
102 4° 6 ~230 
Oye 0 
10,4 8 0 
70 4 #9 0 
10) :& s10 0 
PO ST 0 
109 74 b2 0 
tO 4 13 0) 
7 4 14 0 
190 «4 15 0 
TOL 416 0 
100 4 1g 0 
70 4 18 0 
100-4 29 0 
70 4& 20 ) 
70.4 21 0 
Lop aoe 2 0 
LO. 4: 23 0 
70 4 24 0 
J 2D 6) 
10-7 4-26 0 
OC a2 0 
Oe was 2 6 te) 
Oe Va 9 0 
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Oe ats apa Ue 8 0 
10% Feil 0 
10: 5 2 0 
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32.2716 
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3226722 
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322675 
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B2eti9 
32-694 
32.700 
EAR WS 
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322684 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 
CRUISE REFERENCE NUMBER 70- 3 


DATE/TIME SALINITY TEMP LONGITUDE 
YR MO DY GMT 0/00 C WEST 
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Stations occupied for salinity-termperature measure- 
ments and/or sediment sampling. 


Progressive vector diagram of surface currents at 
69° 39.5' N, 133° 40.0' W, July 16-18, 1970. 


Progressive vector diagram of surface currents at 
22.7' W, July 24-26, 1970. 
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INTRODUCTION 


CSS RICHARDSON was one of four Canadian survey vessels operating 
in the Western Canadian Arctic during the summer of 1970. A co-operative 
program of physical oceanography, seismic profiling and sediment sampling 
was carried out near-shore in the Beaufort Sea. The sediment samples 
complement those collected off-shore by CSS PARIZEAU, CSS BAFFIN and CSS 
HUDSON. The seismic profiles complement those collected offshore by HUDSON. 


RICHARDSON was operated by personnel of the Canadian Hydrographic 
Service, Marine Sciences Branch, Department of Energy, Mines and Resources, 
Victoria, B. C. Participating scientific personnel were from the Pacific 
Oceanographic Group, Nanaimo,B. C. and from the Atlantic Oceanographic 
Laboratory, Dartmouth, N.S. Data from the physical oceanographic program 
are presented in this report. 


SUMMARY OF OPERATIONS 


Ship's personnel proceeded to Tuktoyaktuk during the last week in 
May to prepare RICHARDSON for field operations. Scientific personnel joined 
RICHARDSON on July 9. A delay in the delivery of lifesaving equipment 
postponed the start of operations until July 15. During the period July 15 
to August 1, profiles of temperature and salinity, current measurements 
and sediment samples were obtained in the Kugmallit Bay area. Operations 
were hampered somewhat by ice conditions. Offshore winds during the last 
week of July transported the ice offshore and no ice was encountered for 
the remainder of the season. 


Seismic profiling equipment was loaded and tested in Tuktoyaktuk 
Harbour August 2 and 3. RICHARDSON proceeded to Herschel Island August 4 
and ran seismic lines in the Mackenzie Bay area August 5-14. Two days 
were spent doing profiling for the Marine Terminal Study, Herschel Island, 
for the Department of Public Works. RICHARDSON returned to Tuktoyaktuk 
August 15, exchanged the seismic equipment for side-scan sonar equipment 
and operated the sonar in the Pullen Island area August 17 - 20. 


The sediment sampling program and current observations were re- 
sumed August 21, and continued until September 4. Deteriorating weather 
conditions forced a termination of operations at that time, and winterization 
of RICHARDSON was started September 5. Ship's personnel and remaining 
scientific personnel departed Tuktoyaktuk September 8. 


OBSERVATIONAL PROCEDURES 


Temperature and salinity were observed in-situ with an Industrial 
Instruments portable salinometer. Salinity accuracy is believed to be 
+0.1 pt. Depths were determined by cable length out. 


Two 50 hr. series of surface currents were obtained using a 
Hydro-Products Model 450S current meter. The current meter was suspended 
from RICHARDSON, which was at anchor. Current speed was recorded on deck 
with a Rustrak strip chart recorder. Current direction was determined 
relative to ships head, which was determined by gyro compass. 


Drift current measurements were made by tracking and positioning 
two types of free floating current followers. Currents at 2 m were measured 
using parabolic floats and "window blind" drogues, described by Terhune 
(1968). These followers consisted of a 14 inch diameter parabolic float, 
complete with pole and flag for identification, and a drogue of 8 ft wide, 

6 ft. high and 4 mil polyethylene, lashed to a cedar 1x2" on: Che upper 
edge anda 5/8" diameter iron bar on the lower edge. The drogue was 
attached to the float by a bridle with arms at 45° to the horizontal. 


Currents in the upper 6 inches were measured by tracking Pains 
Wessex "Hydrographic Signals". The hydrographic signals consisted of a 
tire shaped float surrounding twelve smoke flares and a timing mechanism 
for firing flares. The main part of the float was approximately 6 inches 
deep and floated with 5 1/2 inches submerged. When deployed, the signals 
were located by visual sighting of the smoke flares, which were programed 
to fire each quarter, half or full hour. 


Each tracking session consisted of releasing two or three current 
followers at the same position, and plotting their positions once per hour. 
Positions were determined using the Polar Continental Shelf Project Decca 
positioning system. In the areas worked, positions are accurate to within 
+0.1 miles. Along the baseline extension of the Decca chain, positions 
were obtained by radar fixes. No tracking session exceeded nine hours, 
owing to the limited hours of ships operation. Wind information was 
obtained with hand held anemometer once per hour. Tidal characteristics 
provided with each tracking session are tides predicted for Tuktoyaktuk. 


Sediment samples were obtained with a Van Veen grab. Informa- 
tion on samples obtained is available from Dr. B. Pelletier, Atlantic 
Oceanographic Laboratory, Bedford Institute, Dartmouth, N.S. Informa- 
tion on the seismic profile records and side-scan sonar records is avail- 
able from Mr. J. Shearer, Geological Survey of Canada, 601 Booth Street, 
Ottawa. 


CURRENT METER OBSERVATIONS 


Current directions were determined relative to the ship's 
head, as the direction sensor of the Model 450S current meter was 
inoperable owing to the proximity of the magnetic pole. A drogue was 
trailed from the ship to determine the current direction relative to the 
ship, as the ship's head was not always directed into the current. Cur- 
rent directions are thought to be accurate to +15°, 


During the period July 16-18, a 50 hour series of surface current 

measurements was obtained. RICHARDSON was anchored in 6 m of water on 

the western side of Kugmallit Bay, at 69 39.5 'N, 133°40.0 'W, in the 

hope of measuring fresh water run-off from the East Channel of the Mac- 
kenzie River, which flows into the south-west corner of Kugmallit Bay. 

A layer of fresh water was overlying a layer of more saline water. The 
surface salinity was less than 1 ppt, and increased from 6 ppt to 29 ppt 
between 2 and 3 m. The current meter was suspended at a depth of 1 mn. 


Results are presented in the form of a progressive vector 
diagram (figure 2). Each vector represents an average hourly velocity, 
and time is indicated every four hours. Wind speed and direction are 
indicated by arrows (20 knots/inch). Winds varied from 0 to 15 knots with 
a mean speed of 8 knots and mean direction of 087 . Maximum current speed 
observed was 46 cm per sec. The numbers on the axies represent distance 
in nautical miles. The current direction was predominately WNW for 
the entire period. 


A second 50 hour series was obtained 4.5 miles north of Pullen 
Island at 69°51.7 'N, 134°22.7 'W, during the period July 24-26. RICHARD- 
SON was anchored in 9 m of water, and the current meter was. suspended at 
1m, above a marked density increase which was situated between 3 and 5 nm. 
Results are presented in figure 3, a progressive vector diagram identical 
in format to figure 2. Currents were variable with a general trend 
southward. 


suly 21 


July 22 


July 23 


July 31 


August 21 


August 30 


Sept. 4 


DRIFT CURRENT OBSERVATIONS 


3 parabolic floats were released together one hour 
prior to low water; one was retrieved two hours later and 
the others retrieved two hours after high water. Flow was to 
the north during the ebb tide and to the west during the flood 
tide. 


3 parabolic floats were released two miles NNW of the 
previous days starting position. Flow during the ebb was 
northward at approximately 0.5 knots. During the first three 
hours of the flood, flow was southward at less than 0.3 knots. 


Two hydrographic signals (red and yellow floats) and one 
parabolic float (float 14) were released together. The para- 
bolic float with drogue at 2 m. set to the northeast at 0.8 
knots and was in danger of being lost from visual contact with 
the other two floats. Float 14 was retrieved at 1130 and re- 
deployed at 1201 in the vicinity of the other floats, where it 
resumed its drift to the northeast. The red and yellow hydro- 
graphic signals drifted more slowly to the northeast. Their 
drift may have been retarded by winds from the NNW. 


One hydrographic signal and two parabolic floats were 
launched at 0855. The hydro-signal drifted toward Tuktoyaktuk 
Harbour with the flood tide and moved into shallow water at 
1300. It was retrieved and re-launched at 1320, and drifted 
southward until the beginning of the ebb, at which time it 
changed directions to the northeast. 


The parabolic floats remained close to their original 
positions until the ebb, when they started to move northward. 


Two parabolic floats and one hydro-signal were launched 
at 0840. The hydro-signal drifted to the NNE with a following 
wind at a mean speed of 1.1 knots and did not change directions 
at the change of tide. The parabolic floats drifted together 
to the north until the change to flood tide and then drifted to 
the east. One parabolic float was lost at 1254. 


One hydro-signal and one parabolic float were released. 
The hydro-signal drifted to the SSW with the flood tide. The 
parabolic float with drogue at 2 m. drifted to the SSW for 3 


hours, then began to move to the NW although the tide continued 
to flood. 


Two parabolic floats and one hydro-signal were released. 
The parabolic floats drifted to the west until the tide began 
to flood, at which time they moved off to the SSW. The hydro- 
signal drifted directly downwind at 0.5 knots until it became 


trapped in a convergence line which was obvious due to the debris ga- 
thered at the interface between muddy river water and clean 

water to the north. It remained in the convergence zone until 
retrieved three hours later. 


July 27 Three parabolic floats were released together and drifted 
directly downwind until retrieved. 


July 28 Three parabolic floats were released and again drifted 
downwind until retrieved. 


August 23 One hydro-signal and one parabolic float were launched 
and proceeded downwind to the ESE. The hydro-signal drifted 
10.5 miles in 5.8 hours and the parabolic float drifted 8.8 miles 
in 6.8 hours. 


August 24 One hydro-signal and one parabolic float were released 
under similar circumstances as the previous day, except that the 
winds had shifted considerably. Their original drift was in the 
same direction as that of the previous day, but at a decreased 
speed. When the wind became calm between 1230 and 1330, the 
current followers both changed directions, the parabolic float 
turning to the north and the hydro-signal turning to the south. 


August 28 One parabolic float and one hydro-signal were released. 
Both drifted to the east. When the wind increased to over 
20 knots at 1500, the hydro-signal moved off at a greatly in- 
creased speed. 


August 31 Current followers were tracked for four hours. 


Sept. 1 Two current followers were released north of Pullen Is- 
land. The hydro-signal drifted immediately downwind whereas 
the parabolic float moved southward for four hours before 
turning to westward. 
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Figure 3. Progressive vector diagram of surface currents at 
69° 51.1' N, 134° 22.7' W, July 24-26. 
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Figure 7. Tracking session, Kugmallit Bay, July 31, 1970. 
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Figure 8. Tracking session, Kugmallit Bay, August 21, 1970. 
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Figure 13. Tracking session, Atkinson Point, August 23, 1970. 
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ABSTRACT 


A Report on Observations Obtained On A Magnavox 
Satellite Navigation Receiver In High Latitudes 


by 


W.S. Huggett and A. Mortimer 


From observations made at the optimum latitude for the number of 
satellite passes per day, the percentage of useful passes and their 
degree of reliability are assessed. The degree of reliability that 
can be expected froma satellite fix for real-time navigation 
decisions, without the benefit of off-line data processing, is shown. 
Comparisons are made between satellite fixes obtained in Latitude 
70° N. and Latitude 49° N. The criteria for rejecting fixes is 
also discussed. 
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INTRODUCTION 


The intense activity of the oi] industry in Canada's far north, and in 
particular in the MacKenzie River delta area, has resulted ina greatly 
increased scientific interest by the Canadian Government in this area. As 
part of this interest the Polar Continental Shelf Project (PSCP) established 
a Decca Lambda chain off the Delta to give precise electronic positional] 
coverage over most of the Beaufort Sea. The chain was established in 1969 
for a period of three years, by which time it is thought that most of the 
work in the Beaufort Sea will have been completed. To take full advantage 
of the Decca Lambda chain, the Canadian Hydrographic Service, in 1970, sent 
two major ships, the BAFFIN and PARIZEAU, to carry out hydrographic and 
geophysical surveys on the continental shelf off the MacKenzie River delta. 
Following the initial season, the PARIZEAU. was further committed to a four 
year programme of hydrographic and geophysical surveys in the Western 


ATCEICS 


In July, 1969, the PARIZEAU was fitted with a Magnavox 702 receiver with 
automatic acquisition and coupled to a Hewlett-Packard 2115 computer. (See 
Fig. 1) The program in use, supplied by Magnavox, was MAPS-70065. No 
actual tests on the accuracy of the system had been carried out, other than 
cursory checks by deck officers on the ship. In June, 1970, prior to 
leaving for the Arctic, the launch crews and ship's officers were given 


training in steering on hyperbolic lines or 'lanes' as they are known. 


To do this a Decca mini-fix chain was temporarily established close to 
Victoria to provide 'lanes' for the training period. It was not calibrated 
nor was a lattice chart drawn up for the area. Despite being unable to 
check the Satellite navigation system at this time, it was noticed that the 
satellite receiver was very sensitive to ship movements. Unless the ship 
was maintained on a steady course and at a steady speed during a satellite 
‘lock-on' by the receiver, the position given would be considerably in error. 
On the passages to and from the Arctic the course and speed of the ship was 
maintained during all 'lock-ons' of satellites. In spite of this precaution 
there was an unacceptable discrepancy between the satellite positions and 

the actual positions. The positions were put on plotting sheets, (Contoured 
Position Plotting Sheet, USNHO) where it is possible to plot a position to 
within 340 m. It should therefore be possible to identify errors >3400 m 
and reject those positions that exceed this amount. The ship's actual 
position could only be established through plotting all fixes, and rejecting 
those that did not fit. This practice meant that the ship's plotted position 
was anywhere from eight to twelve hours behind her actual position. This 
inconsistency among the satellite positions prompted the following enquiry 


and observations. 


Data from Latitude 70° N. 
The Decca Lambda 6F chain off the mouth of the MacKenzie River was established 


by Computing Devices of Canada Ltd. (CDC), and is maintained and operated by 
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them for PCSP during the perteds the positioning system is required. The 
chain consists of a master station on Hooper Island and two slave stations, 
one on Herschel Island to the west and one on Point Atkinson to the east. 
(see Fig. 2) This configuration allows for only a small area north of the 
master station to have an accuracy of 450m or less. The working area of the 
PARIZEAU, to the west of the master station, was calculated to have a maxi- 
mum probable shift of 4120 m in the pattern. Before being used the chain was 
calibrated by two methods available to us: (1) by using the mini-fix chain 
established in MacKenzie Bay, and (2) by intersection of the ship from two 


shore stations. 


In MacKenzie Bay, a hyperbolic mini-fix chain had been established to provide 
positioning coverage of the Red base line extension of the Decca Lambda Chain. 
The mini-fix chain also covered part of the area where the satellite positions 
were obtained. This mini-fix chain, having been calibrated prior to use, 
therefore, provided a reasonable method of calibrating the Decca Lambda Chain. 
Although the estimated pattern shift of the mini-fix chain in the calibration 
area was $35 m, and as such did not meet the arbitrary criterion of a ratio of 
10:1 for calibration of the Decca Lambda, (the Decca Lambda pattern shift being 
+120 m), the results of the calibration proved satisfactory. Forty simultaneous 
positions from the mini-fix and the Decca Lambda were compared, and the mean 
differences in Decca Lambda lane counts were applied as corrections to the 


Decca Lambda readings. To further check the Decca Lambda pattern, twenty 


positions of the ship were intersected by theodelite angles observed from two 
known shore stations. The positions given by intersection were compared with 
simultaneously observed Decca Lambda readings. The corrections obtained from 
the intersection method of calibration differed only slightly (<t0.007 Decca 
Lambda lane widths) from the corrections obtained by the mini-fix method. The 
Decca Lambda chain was monitored for short term changes in pattern at a 
receiver in Tuktoyaktuk. Deviations of the Decca Lambda lane count from the 
known lane count of the Tuktoyaktuk monitor receiver were also applied as 


corrections to the Decca Lambda readings used with the satellite observations. 


The area to be surveyed after MacKenzie Bay was completed was the area ponte 
of MacKenzie Bay and mid way between the Master and Green slave on Herschel 
Island (see fig. 2). This was fortunate as the hyperbolic lines in this area 
are, for all practical purposes, straight lines, and ideal for checking the 
satellite navigation equipment. Another fortunate aspect of this area was 
that the hyperbolic lines all ran in a north-south direction, a direction in 
which errors in the estimated ship's speed has the maximum effect on the 


position. 


During the recording of the satellite navigation data, the ship was running 
bathymetric lines and was towing a magnetometer. Normaliy, the ship was kept 
on a hyperbolic lane and the bathymetric graph was marked at every inter- 
secting lane. While acquiring the satellite data, however, the Decca Lampaa 
position was recorded every two minutes as soon as the receiver 'iocked-on! 

to a satellite. The interval used was even minutes, with the time being given 


by a crystal controlled electronic clock. 


The observations were started on day 245 (Sept. 1) at 1800 gmt, and carried 
on continuously to day 248 (Sept. 4) at 1800 gmt. The speed of the ship was 
given by the timed crossings of the lanes, and was the average taken over a 
span of an hour. The two minute readings were not used, other than as a 
check, the short time base giving widely fluctuating speeds. The error in 
our speeds used for the computations was in the region of 7.1] kt. It was 
also noted at this time that the estimate of the speed of the ship by the 


officer of the watch was in the region of t.6 kts. in error. 


The differences between Clarkes spheroid (1866), using the North American 
Datum (1927) and the geocentric spheroid and datum used by the USN Satellite 
system are small from the navigational point of view. The geet effect of 
this datum shift in our areas of operation was (1) in the Beaufort Sea; +0.26!' 
Difference of Latitude (D. Lat.) and +11.93'' Difference of Longitude (D. Long.), 
and (2) in the Juan de Fuca CREA bie Oe0 UO s Lat. @ndy.5 «25":.D.. ebong «these 
datum shift figures when applied to the comparison positions moved them 130 
metres (in the Beaufort Sea) and 111 metres (in Juan de Fuca Strait) closer 
‘to the vector mean position given by satellite. The datum shifts were cal- 
culated using transformation equations (Heiskanen and MOGILtZ. 1 9672 ps820) 

and Vincenty, Journal of Geophysical Research, Vol. 71, p. 2620) and the 
Smithsonian Astrophysical Observatory (Viers, 1966, 1967) C-7 geodetic para- 


meter system. 


The Alert program, which gives the rise times, the times of closest approach 


and the elevations of a particular satellite throughout the course of a day 


for a particular place, was run for all five satellites. During the time 
of the survey, 202 passes could be expected - an average of one every twenty- 


one minutes. 


Out of the total number of available satellite passes, the receiver picked 
up 100 passes (49.6%). The Alert program gave thirteen passes having a 
greater elevation than 80°, and no passes with an elevation of less than 107. 
This agrees with what we obtained, all recorded elevations coming within the 
range 10°-80°. Of the 100 satellites picked up on the receiver, thirteen 
ended in an error message being ode. Eight error messages were for no 
solution, that is, the convergence criteria were not met within 20 iterations, 
the most likely reason being that the satellite was at an elevation greater 
than 80° or, possibly, less than 10°. Four error messages were for insuf- 
ficient doppler data, most probably caused by interference from other 
satellites that were above the horizon at the same time. The remaining error 
was also a solution error which occurred while trying to solve for frequency, 
latitude or longitude. Two positions given had errors greater than 6000 m 


(abt. 3 nautical miles), probably due to interference from other satellites. 


From the available satellites eighty-seven (43% of total alerts) positions 
were obtained in four days. Five of these positions were displaced from the 
Decca position by more than 3500 m (abt. 2 n miles) and therefore obviously 
in error. The remaining 82 positions were analyzed. They gave a mean 


position 200 m by 264° away from the Decca comparison position. The standard 


well 
deviation about the north-south axis was 1784 m, and £563 m about the east- 
west atte: Since the distribution of errors is qualitatively gaussian, it 
is possible to assume that an ellipse uf error (68% reliability) exists 
about a position, having a semi-major axis of 965m. However, a nav igator 


requires at least 95% reliability, in which case, for gaussian errors, the 


critical dimension of the ellipse is 1930 m (abt. 1 n mile), (see fig. 3). 


In these northern latitudes it is possible to obtain 28 positions or more 

a day (see fig. 4) or an average of about one position every 51 minutes. 
However, the longest interval between passes yielding positions was 3 hours 
34 minutes, and other long intervals were 1h.48m and Ih. 46m. Under these 
conditions, a navigator might be able to detect fixes which are in error by 
more than 1 n mile (1852 m) and consequently discard them. Using only the 
data that gave positions of <1930 m displacement from the Decca position the 


maximum likely error in position would be t1146 m (95% reliability). 


Various methods were used to find out if there was a method of assessing the 
reliability of any one position. To see if there was bias in the results; a 
scatter diagram (see fig. 17) was drawn. There appears to be a slight bias 

to the west, the mean for all positions is D. Lat.-2] m, D. Long.-199 m, and 

for all positions <1146 m the mean is D. Lat.+103 m, D. Long.-93 m. The 
TREseenas between the NA 1927 datum (on NAich the Decca Lambda is based), and 
the satellite datum for the survey area, is D. Lat.-7 m, D. Long.-130 m, leaving 
a net bias of approximately 100 m in the latitude. This figure is less than 


the 7120 m error that could have been present in the Decca chain. 


Satellite eievations were plotted against the displacement of each position 


~ge 


(see fig. 5) and no discernable pattern was present. The number of iterations 
was also plotted against the displacement of each position (see fig. 6). 


Again no discernable pattern was present. 


Of the eleven positions with a displacement greater than about one n mile, 
6 had good doppler counts with $6 iterations, with the exception of one 
position that took 14 iterations, and two from satellites with elevations 
>70° (71° and 80°). However, the elevations of the other four positions 
were 15°, 18°, 21° and 27°. Two positions had missed two-minute doppler 
counts near the closest approach (C.A.) of the satellite, and one had an 
asymetric doppler count. However, four positions within one standard 
deviation had asymetric counts (from the receiver locking-on immediately 
after having given a position). Two of the positions had no print-out 

of the doppler count, but one had 11 iterations on an elevation of 19° and 


the other 5 iterations on an elevation of 39° (see fig. 7). 


There thus appears to be no sure way of telling a good position from a bad 
position using only information from the satellite position tabulation. 
Positions having asymetric dopplers, missed dopplers near the closest approach 
of the satellite, and satellite elevations >70° and <25, when in high lat- 
itudes, should be treated with caution. From our experience, 68% of al] 
positions will be within 965 m if accurate input of speed made good over the 
ground, and true direction of travel are available. To give some idea of 

the error resulting from an erroneous estimate of either speed or course, 
figures 8 and 9 show differences that are obtained by computing fixes using 


differing values for course and speed. 


Data From Latitude 49° N. 


In April, ship time was made available and from day 111 (April 21) at 

0400 gmt to day 113 (April 23) at 1600 gmt, additional satellite fixes 

were obtained. These positions were not controlled by an electronic 
positioning system, but by the ship's radar, a Decca 629 with an accuracy 

of about 100 m in the ranges up to and including the 6 mile range, and about 
200 m for the 12 mile range (1% of full scale). All targets were within 

12 miles, and the plotting error on the chart was <100 m. The maximum error 
to be expected from a radar position (by distance measurement from three or 
more points) would have a displacement of less than 300 m. This displacement 
figure is larger by a factor of almost three than that of the control used 


in the Arctic. 


The ship's position was plotted every twenty minutes by three or more radar 
distances to prominent points. The ship's speed from these plots could be in 
error by <+.38 kts. (at 8 kts.) and the course by <13°. This speed error is 
quite large, and on the east-west courses that were mainly being run, could 
Sanat to an additional error in position of about 100 m, and the course 


error couid also amount to an additional 100 m. 


From the Alert program 83 satellite passes were forecast for the time period, 
an average of one every 43 minutes, and the receiver monitored 62 (75%) of 


the passes. Of these, 40 (48.2%) gave positions, the other 22 ending up in 
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error messages. These figures may be on the low side as some time was spent 
on recomputing the positions with different inputs of speed and course. In 
any event, although 25% more passes were monitored by the receiver in 
latitude 49° than in the Arctic, only 6% more positions were obtained. This 
is contrary to what one expects, and in part may be accounted for by the 
number of satellites that are above the horizon at any one time in the high 
latitudes and thus are interfering with each other. Another reason may be 


the fact that a new program from Magnavox - No. 70356 - was used. 


Of the forty positions obtained, seven were in areas outside of radar distance 
and hence have no comparison position, and the remaining five were being 

tracked at the time of major course alterations by the ship. Twenty-eight 
podittons (see fig. 10) were actually compared with radar positions, and the 
mean of these positions was displaced 228 m by 253° from the radar position, 
with possible maximum displacement of 1522 m (95% reliability). There were 
only four positions with displacements greater than 1100 m and the largest was 
only 2121 m. All these positions fall into the hard-to-detect area, and the 
percentage - 14% - agrees with the results obtained in the Arctic. Of the four, 
two would be discarded because of their elevations - 84° and 7°, but the 
remaining two with elevations of 52° and 38°, iterations of 2 and 3 respectively, 
and all with good doppler counts show no reason for having large displacements. 
scatter plots of the elevations (see fig. 11) and iterations (see fig. 12) show 
no pattern. Conversely, a low elevation, with asymetric dopplers can provide 


an acceptable position (see fig. 13). 
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The major difference between the positions obtained in latitude 70° and those 
in latitude 49° was the absence of any positions over 2200 m in error in the 
lower latitude. Possibly the new program contributed to this state, but the 
major factor would seem to be the lesser number of satellite passes each day, 
thereby giving less interference to each other. The large number of error 
messages obtained, however, would not seem to support this hypothesis. Some 
of the error messages undoubtedly are the result of tracking satellite 30100 
(which has very weak transmissions), whereas in the high latitudes where there 
is a greater chance of more than one satellite above the horizon at any one 
time, the weak 30100 was probably arenes out by cpa more powerful satellites. 
A breakdown of the error messages showed eleven passes having no solution, 
i.e. no convergence within twenty iterations; three had errors which occurred 
when solving for frequency, latitude or longitude; three had insufficient 
message data (normally occurring after tracking 30100); and four were where 
the majority vote resulted in an illegal BCDX3 fixed parameter. There were 
no efters from insufficient doppler data and none from receiving an incorrect 


variable parameter. 
Conclusions 
1. Errors in position of less than 3500 m (abt. 2 n miles) are extremely 


hard to detect from satellite data alone, and there appears to be no way of 


making an Intelligent decision immediately on the accuracy on any one position. 
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Errors >3500 m (about 6% of the positions) can be detected by keeping a plot 
of the ship's position and knowing fairly accurately the ship's speed and 
course, and thus being able to make a decision on the accuracy of the 
position. The majority of the positions (68%) are within 930 m of the true 
position with a mean position displacement of 476 m. This leaves 18%, or 

one in five, of all positions in the >930 m to <3500 m error range, and it 

is because of this that the navigator must use the utmost caution. Gn large 
vessels such as super tankers 68% of all positions will plot within three 
ship lengths, but 18% will plot up to 2 n miles distant. _ In areas such as 
the Beaufort Sea with its numerous ‘underwater pingos', navigating by 
satellite position alone would be an extremely basa eaeue undertaking. Vessels 
should, when navigating by satellite, attempt to keep clear of all dangers by 


at least two nautical miles. 


2. When navigating by satellite positions the ship must be kept on a steady 
course with a steady speed for as long as the receiver is 'locked-on' to the 
satellite. Any alteration in either the course or speed of the ship will 


result in either an error message being promulgated or an erroneous position. 


3. It is not good enough to initialize the program with inputs of the speed 
and course to the nearest 1/2 knot and 10° respectively. Errors of 1/2 knot 
in the speed can result in errors of 500 m in position on N-S courses, and 10° 
in course can result in the same error when on E-W courses. There does not 


seem to be much advantage to having a log and gyro input of the speed and the 
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course into the computer, as the true speed and course over the ground is 


what is required. 


4, The criteria that governs whether a satellite position should be used or 
discarded are indefinite. Generally, passes with elevations >70° and <10°, 
asymmetric dopplers, and missed dopplers near the closest approach of the 
satellite could cause an error in the position. These indices are not 
always reliable, but from the results of this survey they would eliminate 


about 40% of the positions in the hard-to-detect error range. 


5. The number of positions obtainable from satellites in high latitudes is 


about the same as those obtained in the middle latitudes. 


6. The datum difference between NA 1927 and the geo-centric datum may be 
neglected from a navigational point of view. The difference, in most cases, 


is hardly plotable on charts. 


7. Maintenance on the Magnavox receiver and H.P. 2115 computer have been 
minimal, and in no instance has there been any down-time when the instruments 


have been in use. 
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